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INTRODUCTION. 


f r was in January, the “ Motor Boat Manual ” first made its 

appearance. Prion tA thit Inhere had been no book published dealing with 
marine motoring in all its %'anches, and our aim at that time was to 

produce a work dealing exhaustively with the new form of marine pro- 

pulsion ; exhaustively, that is to say, within the limits of a treatise on a 
pre-eminently practical subject, a book, we believe, of instruction for the 
absolute novice, and of reference for the experienced. Our endeavour, wc 
are pleased to think, met with a great measure of success. Almost at 
once the Manual came to be regarded as the standard work on the subject, and 
in July of last year it became necessary to publish a second edition. 

That, too, is now out of print, and it is partly on this account that the third edition 
is placed before our readers. But there is another reason. Progress of late 
has been rapid; boats and engines that, little more than a year ago, represented the 

last word in c^onstructive skill are now out of date, and with them much of the 

Motor Boat Manuai. ” has been left behind in the general advance towards 
perfection. The second edition was little more than a reprint of the first, the third 
ha? been completely re*written in many of its sections. Such chapters as those on 
knotting and splicing, and on the general principles of boat construction have, of 
course, been left unchanged; they deal with subjects that represent the accumulated 
* experience of centuries, and the development of which probably approaches finality. 
But with many parts of the book the case is very different. 

An entirely new set of designs, selected from the very best of the types they 
represent, has been substituted for the old. The various makes of engines and 
accessories are now specifically referred to by name in deference to the frequently- 
expressed wish of our readers. We have selected examples from the best of the 
motors marketed to-day, and in describing and criticising them have always en 
deavoured to keep the same object in view— to enable readers to discriminate .a 
the choice of an engine for any special purpose, and to distinguish between go'^a and 

bad practice, having regard to the work that has to be performed. 

• 

Pages might be filled in the enumeration of the various alterations and additions 
that have been found necessary, for plain as the progress of marine motoring has 
been, it was only on commencing the revision of the Manual that we ourselves realised 
how completely the old had been supplanted by the new. 

For the rest, it need only be said that this edition occupies the unique position 
enjoyed by the first. It is the only exhaustive treatise on the subject, and it has 
been compiled by the staff of “The Motor Boat,” which remains the only paper in 
this country exclusively devoted to marine motoring. The “ Motor Boat Manual,” 
as now presented to our readers, is % accordance with the very latest developments 
of the sport and mdustry, and we launch it with the earnest wish that it may 
adequately meet the needs of changing times. 

The Editor. 

January ^ 7909 , o 
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GENERAL PRINCIPLES OF HULL CONSTRUCTION 


Ctassification, 

The chief object to be considered when de- 
signing a power boat of any sort is to get the 
best form of hull for the particular work to which 
the boat is intended to be put, and, at the same 
time, to adopt the most suitable construction 
for that work. 

VVe may classify all power boats uVider the 
following headings : — 

r. Light pleasure boats for inland wafers. 

2. Small sea-going lx>ats, such as .ya^'ljis’ 

dinghies and launches. I 

3. Larger launches for estuary or sc^a, with or 

w'ithout cabins. 

4. Heavy commercial launches and trading 

vessels. 

5. Sea-going motor yachts and auxiliaries. 

6. Racing launches. 

The most suitable material for all the smaller 
power boats is, in our (4)inion, wood. Steel and 
other metals are frequently used for launch build- 
ing, but for boats under 50ft. in length wood is 
cheaper, lighter, and more durable, weight for 
weight, than metal, unless the boat l)e very 
heavily built, and intended for exceptionally 
hard work in which w<‘ight is not of much 
account. We will, thereh^re, leave the con- 
struction of metal boats for future considera- 
tion, and only consider the va*";ous methods of 
wcxxl construction, as applied to the f(>ri‘going 
types of boats. 

l^efore dealing with the special forms of 
construction most suitable to each of the six 
classes enumerated above, it will be as well to 
get a general idea of the t)rincipal strains to 
which power-boats are subject. 

Strains, 

The chief strain on all motor boats, with the 
exception of heavy trading vessels and auxiliary 
yachts, is undoubtedly the vibration caused by 
the motor and propeller,* and this becomes worse 
in proportion as the power increases, or as the 

See article on “ Vibration.” * 


weight of the hull is reduced, being at its worst 
in light racing launches with high powers. It 
is also greater in boats which are practically 
op<m from end to end, without any thwarts or 
bulk-heads to tie the sides together, than in 
dt^cked boats, or those which are fitted with 
proper cross ties of some sort. 

As this vibration is almost entirely due to the 
motor, it is obvious that it will be greatest im- 
mediately under the motor bed, and will prin- 
cipally tend to work the centre of the boat up 
and down, although it has considerable side 
movement as well, d'o get rid of this vibration 
entirely, k is necessary that the hull should be 
very heavily built, with massive motor bearers 
thoroughly tied together and to all parts of the 
frame of the vessel, which should exceed the 
weight of the motor to such an extent that the 
latter has no power to move the mass of the 
ves.sel with its vibration. 

That it is j^ssible to get the vibration down 
to such a {X)int as not to be noticeable is proved 
by a number of existing craft in which it is al- 
most impossible to fe<'l whether the motor is 
running or no. In earlier days vibration was a 
noticeable feature of most motor craft, but 
vastly improved engine design and a better 
understanding of the science of balancing ha.s 
practically eliminated the trouble at any rate in 
nuilticylinder motors. 

Wdiere the reduction of weight is of conse- 
quence, as in most launches, the vibration must 
be guarded against by careful consideration of 
the best form of motor bed to take up the strain, 
and if the design of the 1[)£‘d be right and the 
work good, there should be no difficulty in get- 
ting rid of the trouble. 

The Motor Bed. 

Probably the best form of motor bed is a pair 
of fore and aft bearers, extending from end to 
raid of the boat, and carrying the motor between 
them. They should be as deep as possible just 
under the motor, the depth being reduced 



i , downward strain caused by vibration and weight of motor. B, B. upward strain when pitchmg in a heavy sea, c', C, side 
an^twisting strain from rudder and propelier bracket. F, F, floor frames. 
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towards the ends. The thickness of these 
bearers should also be greatest at the motor, 
and they should be carefully fitted over a series 
of stout floor frames, extending right atTOss the 
vessel from bilge to bilge, the whole l>eing well 
bolted together and to the keel, with plenty of 
stout fastenings from Ihi' planking to the floor 
frames and bearers. 

A gcx)d proportion for the bearers is that their 
depth at the motor shall be equal to at least 
one-third the distance they are spaced apart, 
and the thickness may be about one-quarter to 
one-sixth the depth, according to the propor- 
tionate weight of the motor to its power. If 
there be any doubt about the dimensions, it is 
better to err on the side <if strength, and put in 
a bit more timber. The fl(X>r frames should be 
about one-third the depth of the fore and aft 
l^earers with a thickness of one-third to one- 
fourth the depth, and they may be spaced the 
,same width apart as the bearers, or even be put 
closer together at the motor, incre.psing the 
spacing and decreasing the size, as they ap- 
proach the ends of the boat. It may be as well 
to mention here that a boat-builder would speak 
of moulding instead of depth, and siding instead 
of thickness, but the former b'rms are probably 
clearer to the general reader. 

Pitch lag Strains. 

For all .sea-going launches, the vertical longi- 
tudinal strains caused by pitching and striking 
seas are, next to the vibration, the worst they 
have to encounter, especially in fast racing boats 
of a small proportion of depth and beam to their 
length, such as run in the unrestricted classes. 
Many of these boats have a proportion of only 8^ 
beams to length, and as little as i8 depths to 
length, while the proportions of an ordinary sea- 
going yacht’s launch would be about five beams 
to length and eight or nine depths to length at 
the outside. It is therefore clear that the boat of 
extreme proportions will be weak in a longi- 
tudinal direction unless special care be taken to 
meet these extra strains with proper strength 
of framing. Fortunately, the same form of con- 
struction used for the purjwse of neutralising 
vibration will also give great longitudinal 
strength. That is to say, deep and long motor 
bearers will stiffen the boat enough to enable 
her to stand any strains caused by cither 
pitching or vibration, provided they are well 
tied together and to the rest of the fram- 
ing, with wood floor frames and plenty of 
fastenings. 

Twisting Strains, 

If we take vibration and longitudinal vertical 
strains as the most important points to be con- 
sidered, we may then take the twisting and side 
strains caused by the propeller and rudder, and 
the thrust as the only strains of any great conse- 
quence remaining. 

Of these, the thrust h a dead load in the* fore 
and aft centre line of the boat, and, with a. 


well-designed thrust bearing, should be entirely 
taken up by the fore and aft bearers and keel. 
Ball thrusts are generally used in motor boats, 
the “ Hoffmann ” thrust being one of the best 
both for design and workmanship. 

The twisting strain on the stern, set up by 
the propeller, is of little importance in boats of 
the old straightkceled ty}>e, where the stern, 
tube passes through a nearly vertical stern post 
dose to the pr<.>pellcr, but in a fast launch of 
modern cut-away design, with a long tail shaft 
outside the boat, and the proi>eIler supported by 
a hanging bracket only, there is a considerable 
strain at the point where the bracket is attached 
to the hull, if the ]x>wer be large. To provide 
1or'*rhis; it is as well to have a fairly heavy floor 
fram or tvVo at the point of attachment, tying 
the keel and sides of the boat together as rigidly 
as ix>ssible, and, if the fore and aft motor bearers 
(‘xtend far enough to be connected w9th these 
floors, so much the better. The same framing 
should be enough to take any strains from the 
rudder when the helm is put over suddenly at 
high speeds. 

Deductions. 

h'rom the foregoing, we may deduce the fol- 
lowing essential rules to be observed in design- 
ing all mechanically-propelled boats; viz., long 
anti deep n\t>tor bearers, plenty of floor frames 
tying the Ix'arrrs laterally. ^ W'ith such a frame, 
the timb(‘rs and planking may be kept fairly 
light, hut, if the l)oat is to remain tight and to 
keep her shape, good workmanship is t^ssential, 
however carefully the construction may have 
been thought out. The proportionate sizes of 
the various parts of the frame, as compared v’ith 
the rest of the boat, will dejx^nd on the power 
and weight the boat has to carry, and whether 
she be for sea or river work. 

It may be taken as a rule that in all sorts of 
motor boats there is no harm in putting in a 
good, heavy motor bed ; in a racing launch it is 
absolutely essential if the boat is to have high 
power and hold together at all, that the 
bearers should be of ample strength and they 
may be augmented by the addition of steel plates 
as has been done in some launches, or to save 
weight adattice system of construction may be 
adopted. In the ordinary pleasure launch it is 
equally necessary in a modified form to get rid 
of the unplcac^ant vibration, and for the sake of 
durability. For heavy towing and trading 
vessels, the form of the framing may be modified 
to suit any special requirements, but it is none 
the less requisite in some form or other, and for 
a boat built to carry cargo, with large hatch- 
ways, it is of the utmost importance that she 
should fiave plenty of longitudinal strength. 
The same remarks also apply to any vessels 
which have to takecthe ground often, or are 
intended to be carried in davits. For the- fore 
and aft bearers, oak, TRahogany, Oregon pine, 
or pitch pine are all suitable, while for the floor 
frames natural grown oak crooks are the best. 
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W€ have now discussed the principal strains 
common to ail sorts of motor boats, and shown 
the form of construction best suited to resist 
them. Whether the boat be constructed of 
wood or metal, for racing or for river cruising, 
the same general form of motor bed is desirable, 
and it can be made equally well in metal as in 
wood. 

Methods of Planking, 

The exact details of the keel and other por- 
tions of the frkme will be dealt with in the sec- 
tions on each of the six classes of boat^ enumer- 
ated at the commencement of this article, but 
the various methods of planking are ix>mmon 
to all forms of boat-building, and may be broadly 
divided into two totally different system, »viz*, 
clench or clinker-built boats and l:arvel-built 
boats. Modifications of these systems are 
shown in the sectional sketches (Figs, i to 5). 

' Clench, 

The clench-built system consists in laying the 
planks on the boat in such a way that the 
lower edge of each plank overlaps the upper 
edge of the next plank below it, as in the 
case of a weather-boarded shed, 'fhe result 
is a series of inverted steps along the side 
of the boat, dying away at each end where 
the plank fits into a rabbet or groove in the. 
stem and stern posts. This form of planking is 
very strong and lighL and the seanivS will stand 
a lot of vibration witnout leaking ; for this rea- 
son it is generally adopted for all beach boats 
and th# smaller sizes of ships’ .%pd yachts’ boats 
which have to be beached occasionally. It is 



also cheaper than any other form of planking, 
and is almost universally used for all so-ts of 
rowing boats, and very small launches', both for 
sea and river use. • 

. Lt is usual to plank clench-built boats on the 
building moulds before* the timbers, or ribs, 
are bent into place, while with carvel-built 
boats, however small, the timbers are all bent 


over or under ribbands, which are temporarily 
fixed to the moulds before the planking is 
begun. Briefly, clench-built boats have the sur- 
face of the planking corrugated aj the seams, 
while in carvel-built vessels it is (or should Ixd 
smooth; all large wooden vessels are carvel- 
built, although most steel ships and launches 
may be said to be clench-built, as the edges of 
the plates lap over each other as a rule. 

Shlp^lap, 

There is one form of planking which is a 
comfx>und of the two systems, though it is very 
rarely used on account of the great expense it 
entails. This is the ship-lap planking, in which 



Fig. 2.— Lap-strake. 


the lower edge of each plank overlaps the upper 
edge of the next plank below, and is through- 
fastened along the seam in the same manner as 
in clench-built work, but, instead of the edge 
of the upper plank standing out its full thickness 
beyond the lower plank, the two edges are bev- 
elled off, and the edge of the upper plank is 
left about one-quarter of the total thickness, and 
let in flush into a rabbet in the lower plank. 
'I'he result is a perfectly smooth skin, with 
seams that keep tight, as well as jn ordinary 
clench-built boats, but the labour required is 
greater than for either clench or carvel building, 
while the strength at the seam is not so great as 
either of them. 

Many of the very cheap clcnch-built boats are 
built entirely by eye, no design having been 
used at all, and, in some cases, upon nothing 
more than a midskip half-mould. It is, there- 
fore, hardly a matter for surprise that these 
boats are often very weird in shape, with 
strange lumps and hollows in the ends, hollow 
bows being a special weakness with this system 
— or want of system — of building. 

Many people wonder why “Old Bob So-and- 
So ** can afford to build launch hulls and sell 
them at 16 to 18 shillings a foot, when the 
neighbouring yacht btiildcr asks from 25 to 40 
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shillings a foot for boats of the same size* and 
(to the uninitiated eye) only a little better in 
finish. But the matter is really very simple. 
The old man probably has a boy working with 
him at a few shillings a week; consequently, 
the total C()st for labour for the two of them 
does not run to over two pounds a week, with, 
say, five to ten shillings a week rent for the 
shanty in which he works. He has never had 
any training to enable him to understand a 
design, and will probably be very scornful if 
the subject is mentioned, but he builds boats as 
his father and grandfather did before him, and 
doesn’t know why they should be of any par- 
ticular shape to suit certain purposes. The re- 
sult of his work is a very cheap boat of what- 
ever shape it may happen to come, which, for 
a fishing lK>at, or the commoner class of yacht’s 
dinghy, might be quite good enough ; but for a 
motor boat, something more than this is re- 
quired if good results are to be obtained. Con- 
sequently the few jx>unds extra which must be 
charged for a boat carefully built to a design 
should not be grudged. 

Carvel. 

To return to our subject, we will now take the 
smooth, or carvel system of planking, and the 
next form of construction to be described is the 


Fig. 3.— Carvel. 

ordinary carvel build with a single skin, con- 
sisting of planks laid edge to edge, forming a 
seam, which passes right through the skin from 
inside to outside. 

Such a seam, unless the edges of the two 
planks are fitted exactly to each other, would let 
the water through into the boat, and to prevent 
this leakage, it is usual to leave the seam wider 
on the outside, so that it can be filled with 
cotton yarn, driven in tightly with a caulking 
iron just below the surface. This cotton, or 
caulking, as it is termed, is then painted, and 
the seam filled with putty or some other form 
of stopping. The object of filling the seams 


with cotton is, that when the boat is in the water 
the cotton swells with the wet and completely 
closes the seam, in which it is assisted by the 
swelling of the planks as they soak up the 
water. 

The chief objection to an ordinary carvel-built 
launch of small size is that unless the timbers, 
or ribs, are very close together, the caulking is, 
liable to be loosened by the vibration of the 
motor, and so cause trouble, added to which it 
is very difilcult to caulk a seam if the planking 
be under , -half an inch in thickness. 

To overcome this difficulty, the timbers may 
be reduced in size and placed very close to- 
gether, to support the edges of the planks bet- 
ter nnd to prevent one edge working on the 
other. In/oddition to this, a few of the highest 
elass of builders fit the edges of the planks so 
carefully together that, combined with the use 
of close timbers, there is no need for any caulk- 
ing at all, the edges of the planks being merely 
varnished as they are put together. The method 
by which such a perfect fit is secured is as fol- 
lows : — The edge of the new plank is roughly 
cut to the shape of the edge of the 
one already fitteci in place, and the latter 
is then covered with chalk before the 
new plank is tried up in its place, so 
that it will leave a chalk mark on every part of 
the edge of the new plank where the two touch. 
All these chalk marks are* then planed off, and 
the plank tried up again; the operation Ixdng 
repeated until the chalk from the fixe<l plank 
marks every pa^rt of the edge to be fitteci to it. 
The upper edge of the new filank is then shot 
fair with a jack plane, and it is ready to b'C* 
fastened in place, this being done in the fitting 
of every seam and joint in the boat. 

A boat built in this manner is, of course, very 
costly, as the labour is enormous, and only the 
most skilful workmen can do it. But the re- 
sult is a much stronger boat for a given weigh! 
of material, and the finest surface imaginable, 
as no putty is used anywhere, even the nail heads 
being filed off flush with the planking instead 
of l>eing punched below the surface and puttied 
over as usual. Tlie greatest objection to this 
method, in addition to its cost, is that if the boat 
be out of' water for any length of time the 
planking will dry, and the seams will conse- 
quently open as the wood shrinks, causing bad 
leakage wh^ the boat is first put into the 
water again, although she will soon swell up 
and be as tight as over. To remedv this evil 
another form of seam has been largely used, 
termed ribband carvel. 

Ribband Carvel. 

This consists of a ribband or strip of wood, of 
more^ or less rectangular section, placed on 
the inside of the seam, and extending the 
whole length of the* boat. If small bent tim- 
bers are used, they are let flush into the rib- 
band (Fig. 4 ), but if dedjber cut or shaped timbers 
are used the ribband is kept flat and thin, and is 
let into the timbers (Fig. 5 ). In ribband carvel 
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fig. 4 . —Bibband carvel. 


work it is usual to space the timbers much 
further apart than in ordinary carvel, and two 
or three times as far apart as would be neces- 
sary in the close-timbered carvel previously de- 
scribed. This is on account of the extra 
strength imparted to the seam and to the whole 
structure by the ribband, which* greatly in- 
creases the strength of the hull longitudinally, 
but it is a common fault to over-estimate this 
increase of strength, .and to place the timbers 
too far apart, causing the planking to straighten 
between the ribbands for want of sufficient 
transve**se support from the tii#bers. 

A fairly good rule for prof)ortion of timbers 
to planking is to make the sectional area of the 
timber equal to times the square of the thick- 
ness of the planking. That is to say, if the 
thickness of the plank is ^ inch, then the size 
of the timbers, if bent, should be not less than 
^ inch moulded by | inch sided, or, better still, 
g-i6 by 11-16 inch in section and spaced 5 
inches apart from centre to centre, or ten times 
the thickness of the plank. 

If cut or shaped timbers are used, the mould- 
ing must be much greater in proportion than 
with bent timbers, probably twice as much, 
while the siding will generally be the same, 
but the spacing of the timbers will bjp doubled. 
4'or this reason the strength is much more 
evenly distributed over the planking with bent 
timbers of a given weight than with cut tim- 
bers, although the latter are more rigid. An- 
other great objection to the use of cut frames 
is the difficulty of obtaining oak grown to the 
exact curve required for each part of the Iwat, 
and unless the timber is grown to shape it is 
practically useless. One of the worse faults of 
many of the river builders is the use of straight- 
grained oak for work where crooked timber 
should be used, especially ki the case of stems 
and knees, and this is not confined to cheap 
work, but is quite comn^n in the most expen- 
sive boats on inland waters. 

Another variety of the ribband carvel idea 



is to build the boat in the ordinary carvel style 
and then , cover the seams between the timbers 
with short thin strips of wood fitted in after- 
wards ; this is very troublesome to do, and not 
nearly so strong as the regular ribband carvel 
work previously described. 

Other Methods. 

There are several other methods of keeping 
the’ seams tight, such as laying strips of brass 
between the timbers and the planking over the 
seam as in some Canadian canoes; or the edges 
of the planks are tongued and grooved. In 
some cases both edges are grooved, and a brass 
tongue fitted, but none of these are worth the 
trouble and expense entailed. A better way is 
to bruise a groove in the upper edge of each 
plnnk, and then plane the edge away until the 
groove just disappears, so that when the boat 
is in the water and the plank swells with the 
wet, the portion of the edge which was forced 
down into the wood can now swell up and close 
the joint tightly, remaining above the rest of 
the wood even when the boat is hauled out and 
dried. However, it is very troublesome to do, 
with the great danger of spoiling the edge of 
the plank, but, if well done, this method gives 
excellent results. 

Limber Holes. * 

Whilst the close-timbered carvel system of 
planking is probably the lightest form of 
construction known, it has the serious ob- 
jection of opening badly when the boat is out 
o-f the water, in addition to which the junctions 
of the heels or lower ends of the timbers with 
the keel form shallow pockets, each of which 
will retain a small quantity of bilge water 
whenever the boat is pumped out, unless 
the whole of the surface be gone over carer 
fully with a sponge to absorb each separate 
pocketful of water. This water, if it be allowed 
to remain constantly in the angle between the 
timber and the keel, ■vyill, in time, cause the 
planking to rot, or^^at any rate, it will render it 
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discoloured and sodden. It is usual in large 
vessels to cut a small limber hole or water- 
course between the timber and the planking, 
but, where the sizes of the timbers are as small 
as those at present under consideration, it would 
not do to sacrifice any portion of their strength 
by cutting limber holes. 

'Hie foregoing objection applies even more 
strongly to ribband carvel planking, as the lat- 
ter not only has the same closed angles between 
keel and timbers, but it also has the additional 
pockets caused by the intersection of the timbers 
with each of the ribbands, thus increasing the 
trouble nearly ten-fold. 

If limbers be cut in the fape of the ribbands 
before the boat is planked, then there is the 
probability of a leak at each of these places, 
owing to the continuity of the surface of the 
ribband at the back of the seam being broken, 
and so letting in any water which may get 
through the seam. 

Multiple Skin Construction^ 

There is, however one system of planking 
which has none of these objections to it, and, 
in addition, is very rigid and durable, being 
especially adapted for use in boats which are 
much e.xposed to the weather or to the heat of 
the sun in tropical countries. 

This is the multi-skin construction, which has 
many varieties, from the ordinary Govermhent 
pattern two-skin diagonal building, as used in 
the Admiralty pinnaces and vedette boats, to 
the four and even five-skin construction used in 
the Saunders’ sewn system. 

Double Skln^ 

The simplest form is that in which only two 
diagonal skins are used, the planks in one skin 
crossing those of the other skin at right angles, 
but both sets of planks being at an angle of 
about 45 degrees to the keel of the boat. The 
inner skin is laid first over the usual moulds 
and ribbands, one or two of the latter being 
allowed to remain in the boat permanently; 
then a sheet of cotton is stretched tightly over 


the outside of the first skin after it is well 
coated with thick paint or varnish, the cotton 
being itself well painted or varnished as soon 
as it is in place, and a coat of paint being laid 
under each plank of the outer skin as it is 
fastened in place. 

The two skins are then closely fastened to- 
gether with copper nails, clenched over roves, 
or burrs in the usual way, as shown in the ac- 
oomnanying diagram (Fig. 6). 

This method of planking, with several skins 
in which the planks run in different directions, 
entirely obviates the use of ribs or timbers, with 
the exception of the floor frames, which are 
common to all forms of construction. It re- 
>qui!r€s, however, a considerable amount of skill 
on the pnlft of the builder, as careless work will 
not only result in a leaky boat, but will also 
probably result in a series of buckles or swell- 
ings in the outer skin if the planks be not 
properly fitted. 

Double skin diagonal planking and double 
fore and aft planking, or a combination of 
diagonal and fore and aft, are none of them new 
by any means, having been in use in one form 
or another for the last 40 or 50 years, but the 
use of three or more skins is comparatively a 
recent practice. 

Triple Skin. 

In 1896 the writer designed a boat for the 
Mediterranean regattas, which was built with 
an inner transverse skin running right round 
the boat from gunwale to gunwale at right 
angles to the and tapering from ^ inch in 
thickness at the keel to J inch at the gunwale at 
each side. This was covered with a sheet of 
painted cotton, and then an intermedmte 
diagonal skin of 3-i6th inch was laid, running 
at an angle of 45 degrees from keel to gunwale 
raking aft, and also covered with a similar sheet 
of painted cotton. Over this was placed an 
outer skin of inch fore and aft planking, as 
shown in the diagram (Fig. 7). The whole three 
skins were closely fastened with light copper 
nails, clenched on roves, and spaced inches 
apart all over the planking, 
about 15,000 fastenings being 
used in the planking alone for 
a boat 33ft. over all. 

The great defect in this first 
boat was that the ends were 
weak, owing to the fact of the 
inner skin only extending over 
the middle half of the boat’s 
length; consequently the ends, 
especially the bow, had to be 
strengthened after a season’s 
racing, but the centre of the 
boat, where the greater part of 
the strains were located, stood 
l>erfectly, and is still in fairly 
good condition at the present 
time.'^ 

This is probably the best sys- 
tem of building for all boats, 
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Fig. 7.— Triple skin. 

whatever purpose they may be intended for; but, 
except in the case of hip^h-powered launches, the 
advantages hardly justify the great increase in 
the cost of construction. 

The Copper Sewn System. 

The Saunders’ patent-sewn construction, shown 
in the diagram (Fig. 8), is precisely similar to 
the above, with the exception that instead of 
using copfjer nails clenched on roves, or turned 
on the inner planking, the fastening is accom- 
plished by means of stitching the skins together 
with bronze wire passing through holes bored 
with ar^ electric drill, the outer gortion being let 
in flush with the surface of the wood by means 
of another electric tool. The result is an ex- 
ceedingly strong, light, and durable form of 
building, most suitable for all sorts of motor 
boats, and especially for the big racing launches. 
As to whether the sewing is superior to the old 
method of fastening with nails, it is very diffi- 
cult to give an of)inion. Probably there is not 
very much to choose between 
them, each having sonne ad- 
vantage over the other. 

As to weight, it appears pro- 
bable that very light, close- 
timbered, ribband carvel may 
be a shade lighter, strength for 
strength, than any other form, 

*but for general excellence and 
durability the multi-skin con- 
struction is undoubtedly the 
best. 

Woods Used In Construction. 

Having dealt with the dif- 
ferent methods of planking 
generally used in the construc- 
tion of motor boats, we must 
now consider the various woods 
employed for each part of the 
boat. In the following list* the 
most suitable wood ^^r all 
classes of general work is 
placed first, although in many 


cases other woods arc better 
for the special conditions aris- 
ing, where boats are built for 
some particular class of work 
out of the ordinary j-un. 

The various parts of a launch 
hull, with a list of woods 
geneirally used for each part. 
Keel. — American elm, oak, 
pitch pine, Oregon pine, Kauri 
pine, larch, an^ in large sea- 
going yachts, English elm is 
frequently used with good re- 
sults. 

Stem and stern post, floor 
frames, and wood knees . — 
English oak (natural crooks), or 
larch (if natural crooks can be 
obtained). Note. — Steel floor 
frames, if galvanised, may be 
used with advantage in large craft. 

Engine hearers. — Oak, pitch pine, and Ore- 
gon pine. 

Timbers (hent). — ^American elm. Ash and oak 
are occasionally used, but are not very suitable. 

Timbers (cut). — English oak (natural crooks), 
and larch (natural crooks) are the only woods 
suitable for this work obtainable in this country. 

Deadwoods and false keels. — Oak, English 
elm, and larch are all suitable for both pur- 
poses, white pitch pine, Oregon pine, and 
Kauri pine may be used for false keels only. 

Gunwale, inwale, or shelf and stringers . — 
American elm, Oregon pine, pitch pine, 
mahogany, and, in large yachts, oak. 

Deck beams and carlines. — Oak, larch, pitch 
pine, Oregon pine, and Kauri pine. 

Planking. — Mahogany, cedar, teak, oak, 
pitch pine, Oregon pine, Kauri pine, yellow 
pine, white pine, and larch, with American elm 
and English elm for the lower strakes in sea- 
going vessels. 
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Deck, — Kauri pine, yellow pine, cedar, white 
pine (if covered with painted cotton), and for 
heavy sea-going work in hot climates teak is 
frequently used. 

Coamingc, — American elm, mahogany, and 
teak. 

Covering board. — Where the deck is laid in 
narrow planks, a teak or mahogany covering 
board should be fitted; and in some cases a 
centre plank as well. 

Thwarts and other seats. — Teak or mahog- 
any, and, in cheap work, Oregon pine. 

Bulkheads. — The same as for seats, except 
that cedar may be used in very light craft, and 
plain red pine match-boarding in cheap work. 

Flooring and floor hearers.^White pine is al- 
most universally used for flooring in all classes 
of power and sailing craft except where Ameri- 
can elm or teak gratings are fitted. Risings 
and moulding should be of mahogany or 
teak. 

Rudder and tiller. — The rudder and steering 
gear in most launches would be of steel or 
bronze, but in small motor dinghies and square- 
sterned yachts* launches it is usual to fit an 
oak or teak rudder, with an ash or American 
elm tiller. 

Notes on the Selection of Timber. 

Oak. — British-grown oak is far superior to 
any of the foreign oaks for all ship and boat- 
building purposes where crooked timber is re- 
quired, but German and American oak may 
be used for straight work, where toughness is 
not quite so essential. The light-coloured oak 
with a fine grain is usually the toughest, and, 
if possible, it should be felled in the winter. Be 
careful to see that there are no sappy places or 
bad shakes in the wood, and that it is not of a 
dark-reddish colour with an open grain. Oak 
is the most durable wood used in shipbuilding. 

American Elm. — The rock elm is the best va- 
riety, and should be very white in colour and ex- 
tremely close-grain(Hl. It can be obtained in 
long lengths, and should be free from knots and 
shakes. It is the toughest wood known to 
shipwrights, but it is not suitable for any 
planking, where it will be alternately wet and 
dry, as, under those conditions, it is very liable 
to rot, and also to warp. Under sea water it is 
extrerrsely durable, but it does not last so long in 
fresh water. 

Teak. — Teak is the most durable wood known 
for plankings, skylights, hatchways, seats, and 
all sorts of deck fittings of this nature, but for 
ordinary launch work its weight puts it out 
of the question, except for seats and rubbing 
bands, etc. It can be obtained in very long 
lengths, but is very expensive. 

Mahogany. — Honduras and other South 
American mahoganys are probably the most 
suitable woods for all launch planking, as they 
are hard, durable, fairly light, and can be ob- 
tained in planks of great length and width, 
clear of knots and shakes. The finer the grain 
and the lighter the colour the better, as a rule. 


Cedar. — Fo/ very light racing launches, 
where only one skin is used, cedar is undoubt- 
edly the most suitable wood for planking, deck, 
and bulkheads, but it splits easily in tne sun, 
and soaks up a lot of water unless the boat is 
hauled up to dry frequently. It is extremely 
light, and fairty tough and durable for its 
weight. Like mahogany, cedar may be ob- 
tained in great lengths and widths; the lighter 
colours are the lightest in weight as a rule, 
but the darker red varieties keg> their colour 
better, and are more durable. Cedar and ma- 
hogany come next to teak in price. 

Pitch pine. — A very tough and durable wood 
suitable for the planking of sea-going launches 
intended for rough work; also for the keels of 
light racing launches and for gunwales and 
stringers •tn any class of boat. It is rather 
heavy and very bad to work, owing to the resin 
clogging the tools. It is a cheap wood, but 
must be chosen with care to avoid \)ad knots 
and sap. Any length up to 50 feet can be got 
without much trouble. 

Oregon pine. — Similar to pitch pine, but 
much lighter and not so strong or durable : 
easy to w’ork and tough, and is very suitable for 
all work where pitch pine is too heavy and 
great durability is not quite so important. It 
is superior to pitch pine for most boat work. * 

Kauri pine. — About the best wood for decks, 
and very good for planking, but it is rather 
heavy for its strength ‘‘when compared with 
mahogany and cedar for the latter purpose. 

Yellow pine. -^ThiSy with cedar, is the lightest 
wood known to boat builders, and is generally 
used for decks, although it is not nearly so dur- 
able as Kauri pine. It is frequently used for 
planking clench-built boats. It can be got‘’in 
considerable widths, but is expensive. 

White pine. — The usual wood employed for 
the planking of clench-built boats and for decks 
which are to be covered with painted cotton. 
It is very light, and much tougher than yellow- 
pine or cedar, but it has many small knots and 
rather a strong grain, as a rufe. It is not so 
good for carvel planking, as the edges may curl 
and show the seams badly, but it is the most 
suitable wood for flooring, and is very cheap, 
although it cannot be got in lengths over 14 
to 15 feet by 9 to 11 inches, as a rule. 

Larch.— Larch is one of the best boat-buildin^^^ 
woods grown in this country, being extremely 
tough, durable, and fairly light, with either 
straight or crooked grain, but, unfortunately, 
it is very scarce in the South of England. 

Elm.-— English elm is only suitable for keels, 
deadwoqds an<l planking below water-line of 
vessels intended for sea use only, as it soon 
rots in fresh water. It is also unsuitable for 
the keels of small boats. Great care must be 
exercised in choosing elm, as it is frequently 
full of bad knots and shakes. Sap is not so 
important in elm as in any other w^ood. The 
light-coloured wych elin is much tougher than 
the ordinary variety. 
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SOME TYPICAL DESIGNS. 


After the foregoing brief review of guiding 
principles, the reader will be in a position to 
appreciate the following examples of ttieir appli- 
cation. A series of first-rate and modern designs 
will now be described, accompanied by complete 
specifications, a careful study of which will aervfi 
to show what special points have be taken 
into consideration when placing an order. We 
will deal first with a light river launch, then will 
follow a*| 30 werful dinghy suitable for carrying 
in davits aboard a yacht. After that it will be 
convenient to consider a sea-going pleasure 
launch. That will suflice for the purely launch 


type ; we purpose then to consider the more im- 
portant classes of motor craft, cruisers (auxili- 
ary and full powered). Of these, the first example 
will be a little single-handed auxiliary ; then will 
be given a rather larger boat of the same type ; 
following this an auxiliary fishing yacht will be 
considered. All these boats have* motors auxili- 
ary to the sails ; the next example will be a motor 
yacht with an auxiliary rig, and, lastly, a full- 
powered motor yacht fitted with twin screws, so 
that, should one engine break down, the other 
will serve as a stand-by in lieu of sails, and 
enable the boat to reach her destination. 


A 35ft. River Launch. 


This boat, “Viatic II. was designed and 
built this year by Messrs. Hart, Harden and Co., 
Hampton Wick, for«an owner who was one of 
the first to possess a light, fast Thames launch. 
She was intended primarily for use on that 
river, and accordingly lightne^ of draught and 
extremely clean-running qualities have been 
made the chief consideration. She has accord- 
ingly plenty of length, not very much beam, and 
fine, easy lines. Had she been intended for 
“ ditch crawling ” or destined to be handled by 
one less used to the river than her owner, 'she 
would no doubt have be<‘n provided with a skeg, 
hut this, it will be noticed, is absent, and, under 
the circumstances, it is unnecessary. 

Tliere is only a short length of deck fore and 
aft, thus leaving a maximum of accommodation, 
while the engine, a 3oh.p. Belsize, is situated 
well forward and protected by a cover. A spray 
hood is, of course, unnecessary. Another inter- 
esting point is the position of the rudder. It is 
• well forward of the propeller and set over to one 
side, the object being to give the greatest pos- 
sible ease of manoeuvring. A rivier launch has, 
naturally, constantly to negotiate Ibcks, and on 
such occasions the reverse comes frequently into 
use. Now, with the rudder immediately aft of 
the propeller, many boats, especially those with 
a' flat run, such as “ Viatic II.’’ possesses, will 
not steer astern, but are dragged wildly over by 
the action of the propeller, which takes the water 
away from the rudder. With the present ar- 
rangement this difiicult)* is got over, and the 
boat should steer astern very nicely. We have 
dealt with the point t%ther fully, because this 
quality of steering astern is a very important 


one on the river. It is in a lock where the most 
delicate steering is required. The tumble home 
of the stern is also a desirable feature for a 
launch of this class. She is sure to be bumped 
occasionally by skiffs and other craft coming up 
astern, and with a straight stern or one with 
only a siigdit tumble home every contact would 
make a visible mark, whereas the “ duck bill ’’ 
form of stern can be fitted with a brass rubbing 
strake on the water line and will show no marks. 
The boat is 35ft. long, 5ft. beam, and 2ft. total 
draught. The following is her specification : — 

Specif iemtUn of River Motor Laumcb, 

Dimensions. — 35ft. overall length, beam 5ft., 
draught (total) 2ft. 

Keel . — Pitch pine, '2in. moulded forward, 
tapered to Hin. aft, 5in. sided amidships, tapered 
to siding of stem and stern frame, rabbeted to 
receive planking. 

Stern . — English oak, grown crook, 2in. sided, 
3in. moulded at sheer, qin. at water line, tapered 
to moulding of keel, properly scarphed to keel, 
and rabbeted to receive planking. 

Deadwood . — English oak, grown crook, 2 Jin. 
sided, 3in. moulded at throat, securely fastened 
with 5-1 Gin. copper bolts to keel and stern and 
clenched on copper rings. 

Stern frame and knee . — English oak, grown 
crook, 2 Jin. sided, moulded to plan and fastened 
with 5-i6in. copper bolts to keel, clenched on 
copper rings. 

Chine pieces .' — American elm, ajin. moulded 
and 2in, sided, properly steamed to required 
shape, securely fastened to stern frame with 12 
gauge brass screws £^nd scarphed at fore end to 
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receive bilge stringer, and to 'be rabbeted on top 
and bottom edges and bevelled to receive topside 
and bottcwn planking, wing knees to be fitted 
on outside edges of keel and fore edges of chine 
pieces. 

Intermediate stern frames , — English oak, lin. 
sided, 2jin. moulded, spaced out on radius 
of chine and shelf pieces, not more than 
6in. centres, and to be securely jogged into 
same at head and heel and fastened with lo 
gauge brass screws. 

Timbers . — Selected rock elm, g-ibin. moulded, 
fin. sided, spaced, s^in. centres, to be steamed 
in one length gunwale to gunwale, extending 
from stem to fore end of chine piece, thence aft 
to be jogged into chine and 'shelf, heads and 
heels, to be through copper fastened on each 
edge of keel and properly riveted. 

Planking. — Clean, selected Honduras mahog- 
any or Kauri pine, free from shakes and sap, 
worked in not more than 4in. widths clear of 
bilges and not more than 3 in. at turn of bilges, 
to be properly through fastened -at each bent 
timber and shelf on top and bottom edges with 
14 gauge copper nails, and to be riveted on 
copper roves on face of timbers, and to be fast- 
ened at hood ends and stern frames with i^in. 
by 8 gauge brass screw\s on top and bottom 
edges of plank and into chine rabbet, planking 
to be cut Jin. ordinary and to be properly butt- 
scarphed on timbers, butts to be not less than 
5ft. apart with exception of shaped strak('s 
round stern, close joint seams for mahogany 
plank or a three-thread caulking seam for Kauri 
pine planking. 

Shelf , — Pitch pine or Oregon pine, clean and 
free from knots, to be in one length from stem 
to fore end of cut stern shelf frame, where it 
should be long scarphed and clamped on inside 
and through copper fastened. Shelf to be i^in. 
sided, 2in. moulded amidships, tapered at fore 
end to I in. sided, ijin. moulded, and after end 
to size of stern frame, and to be faced wdth fin. 
mahogany inside. 

Floor frames . — English oak, grown crooks, 
2in. sided, ziin. moulded at throat, tapered at 
ends and extending to bilge stringers, spaced 
2ft. centres in way of motor and reverse gear, 
and one to be fitted in way of stern tube, inter- 
mediate floors ilin. sided, 2in. moulded at 
throat, spaced not more than 4ft. apart, extend- 
ing from stem to stern, arms of floors to be car- 
ried out to bilge stringers, the whole of the 
floors to be bohed through main keel at throat 
with 5-i6in. and Jin. copper bolts respectively 
and clenched inside on face of floors with copper 
rings, arms of floors to be through fastened 
with 10 gauge copper nails and clenched on 
copper roves. 

Bilge stringers . — Pitch pine or Oregon pine, 
ijin. .sided, ijin. moulded, worked in one length 
from stem and to be properly long scarphed 
into chine pieces, and to be through copper 
fastened at every third bent timber and clenched 
on copper roves. 


Breast hook . — English oak, grown crook, 
ijin. sided, 5in. moulded at throat and lain, 
arms, to be through copper bolted to stem at 
throat and clenched on copper ring inside. 

Deck beams . — Two main beams at bulkheads, 
of oak, sided ijin., moulded ain., intermediate 
beams of pine, sided lin., moulded ain., shaped 
to suit 3in. camber amidships, spaced lain, 
centres, ends of beams to be dovetailed into shelf 
and a clamp piece worked under ends of beams 
and shelf, through copper fastened to timbers. 

King planks. — Pine, Jin. moulded, 5in. sided 
at inboard ends, tapered at fore and after ends 
to 3Jin., to be let into top of beams and screwed 
or nailed into same, and cleaned oft' flush with 
beams. 

Coaming chocks . — Oregon pine, ain. sided, 
moulded oUt to form circular ends of well, 
secured to main beams and shelf with 10 gauge 
brass screw^s. , 

Bulkheads. — Jin. mahogany, to be fitted at 
each end of well and dummy panelled, to suit 
side panelling, with door at each end. 

Linings . — The w'hole length of well to be 
lined with selected §in. mahogany, the same to 
be faced with suitable mouldings and rails lo 
form dummy panelling, top and bottom rails 
to have proper spaces cut for ventilation. 

Covering hoards and centre deck planks . — Of 
selected |in. mahogany, moulded to form of 
deck plan, overlapping on outside edge |in. and 
rounded to form moulding* one long length lo 
be worked amidships and prt)j)crly butt scarphed 
to forward and ,-aft shifts, the whole to be 
securely fastened on both edges to shelf and 
sli(‘er sirake with ijin. by 10 gauge brass screws 
let down and dowelled, centre deck planks of 
Jin. mahogany, 4in. sided at inboard ends, 3ih. 
sided at outboard ends, fastened to each deck 
beam with iJin. by 10 gauge brass screws let 
down and dowelled. 

Decks . — Of clean, selected Jin. Kauri pine, 
free from shakes, to be properly laid in taper- 
ing widths not to exceed 3 in. at inboard ends, 
edges to be properly fitted and dowelled be- 
tween each beam, and secret nailed to every 
b(*am, a four-thread caulking seam to be allowed, 
the whole to be properly laid, caulked and payed 
with marine glue and cleaned off. 

Motor beds . — Of clean Oregon pine, carried 
6ft. forward of engine and from engine to stern 
frame, to be ain. sided and moulded to fit on 
face of benf timbers and jogged over grown 
floor frames, to be through copper bolted with 
ijin. copper at each ain. floor and 5-i6in. copper 
at intermediate floors, bolts to be clenched on 
top edge of engine beds with copper rings, let 
down flush, the after ends of engine beds to be 
jogged into stern framing and .securely fastened, 
cross bearers to be fitted between engine beds 
and angle chocks or knees to be fitted on out- 
side of bearers and carried out to bilge stringers 
to prevent racking, bearers and knees to be 
spaced as follow : one at fore end of beds, one 
at fore end of engine, one at stern tube chock, 
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and one at rudder tube, the whole to be securely 
fastened to engine beds and stringers. 

Floor hearers . — Of pine, ijin. sided by 2in. 
moulded, ends to be bevelled off to fit bilge 
stringers where possible, centres to be supported 
by upright i^in. by 2in., fixed to timbers and 
jogged under bearers, except in the way of shaft, 
where uprights must be fitted each side of shaft. 

Flooring . — Of pine, jin. by 6in., to be laid 
parallel and carried out to side panelling, joints 
to be left with |in. dearance to allow for swell- 
ing, to be rubbed down and painted on top and 
bottom surfaces and fixed to ncx>r beartjrs where 
necessary with ijin. by lo gauge brass screws. 

Stern tube chock . — Of Oregon pine, 5in. 
sided and moulded to suit pitch of stern tube, 
to be securely bolted through main keel with 
5-]6in. copper bolts, clenched on cSpper rings 
inside chock, to be bored out dead true to shaft 
line and 4 o external diameter of stern tube. 

Rudder . — Stem to be of lin. forged steel bar 
with straps welded to stem and carried well 
down, blades tape/ed at ends and riveted 
through, blades to be cut from -Jin. mild steel 
plate to shape required, stern to be fitted with 
Jin. steel tiller, under deck to be fitted with 
sliding gimbal sleeve pierce to carry steering 
wires, stern of rudder to be carried through 
deck and fitted with metal tiller strap and wood 
tiller and metal acorn nut on top, the whole 
of the steel work of ^rudder to be propi'rly gal- 
vanised. 

Steering gear . — Wheel columns to consist of 
inner brass tube lin. diameter, fitted with 
shouldered metal plug at bottom end, metal 
back nut bored out, a substantial angle plate to 
bg fitted on side ot engine beds and securely 
bolted to same, angle plate to receive inner tube 
plug and fixed stationary by back nut, outer 

A Yacht'! 

We have now to consider a powerful yacht’s 
launch, designed for a good turn of speed com- 
bined with strength and seaworthiness. Such a 
boat has, of course, to be carried in davits, and 
must be available for almost any sort of work 
from towing to running passengers or stores to 
and from the shore ; she will be used in all 
weathers, will do a good deal of bumping along- 
side, and must be altogether a* stout knock- 
about job. Lastly, it is of importance that she 
should be a dry boat, for the benefit of smartly- 
dressed passengers. 

The design now before us fulfils these require- 
ments. She is a 22ft. boat, fitted wdth a ish.p. 
Ckirdner petrol motor, and is from the board of 
Mr. A. Sheppard, A.M.I.N.A. She has power- 
ful lines, with great flare and lifting power in 
the bow, while to make Ifer a dry boat she has 
been given a good deal of rocker, which will 
cause her to trim by the?tern when running fast. 
She is a boat that could take the ground with- 


wheel column to consist of brass tube liin. dia- 
meter, bushed to fit over and revolve on inner 
tube, i4in. car type steering wheel with brass 
centres fitted to outer column and to have Bow- 
den controls fitted, with actuating wires leading 
through inner column and connected to ignition 
and carburetter levers, fin. flexible steel steer- 
ing wires to be supplied leading from tiller 
sleeve to hard wood drum 4in. diameter fitted 
and pinned to outer column, with fin. brass 
flanges 6in. diameter fitted and fixed to wood 
drum, wires to be carried through galvanised 
sheaves of 3in. diameter where necessary, one 
5in. galvanised turnbuckle to be fitted on each 
wire for taking up slack. 

Deck fittings . — Brass or gunmetal stem band 
cast to stem head, tapered to Jin. round on face 
of stem, widened out to width of keel under 
forefoot,* carried i8in. beyond scarph of stem and 
to be thinned down at end and let in flush, to be 
fastened to keel and stem with brass screws, 
one gunmetal or brass bollard cleat on fore 
deck and bolted to king plank with metal bolts, 
two metal fairleads forward for head lines, one 
metal socket for burgee staff, one rnetal socket 
for headlight stanchion, one metal pillar cleat 
fitted on each quarter, one metal flagstaff 
socket for ensign staff. 

Painting . — The whole of the woodwork to be 
well rubbed down and coated inside below floor- 
ing one coat red lead priming, two coats red 
oxide paint, all top work and decks and outside 
above water line to receive five coats best yacht 
copal varnish, below water line two c'oats red 
lead priming, two coats finishing colour, and 
one coat anti- fouling composition. 

Sunk moulding and gilding .' — ^To be worked 
on sheer strake from stem to stern and to be 
properly gilded throughout. 


Tender. 

out coming to any harm, the keel being deep 
and carried right down to a skeg to protect the 
propeller. The davit slings can be seen coming 
through the seats fore and aft, being carried 
right down to the engine bearers. These latter 
run practically the whole length of the boat, 
and, combined with the deep keel, give the neces- 
sary longitudinal strength to enable the boat to 
be carried in davits. 

It will be noticed that the petrol tank and a 
deck beam divide the passenger accommodation 
from the engine space, and this beam is further 
utilised as a guide for a tow rope, enabling it 
to clear the tiller aft. ^ 

There is one special and original fitting in 
this boat that we do not remember to have seen 
before. Forward of the engine is a dynamo, 
which can be utilised to charge the accumulators 
of the lighting installation aboard the yach'L 
While driving the dynamo the engine is discoiv 
nected from the propel and it stands to reasoj^ 
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of course, that while running the boat must 
be lowered into the water or draw circulating 
water from some specially devised source. The 
arrangement is an excellent one, for it relieves 
the passengers of the parent vessel from any 
slight annoyance that might be caused by an 
engine on board running for hours on end 
while lying at moorings. Under this system the 
boat could 'be dropped astern on a long painter, 
only the cables carrying the current being 
brought aboard. 

Spedticmtion. 

Dimensions. — Length over all, 22ft. ; breadth 
extreme, 5ft. 6in. ; depth moulded, 2ft. yin. 

Hull. — To be carvel built of cedar or mahog- 
any, with planks in one length of Jin. thickness ; 
to be copper fastened throughout, those in the 
keel, deadwoods, and timbers to be clenched on 
rings. All seams to be carefully caulked with 
best cotton and stopped. 

Keel. — Of American elm, 2in. thick, moulded 
according to plan. 

Timbers. — Of best American elm, fin. by 
Jin., spaced 6in. centres, continuous from gun- 
wale to gunwale. In way of motor five Ameri- 
can elm frames to be increased to 3in. sided and 
Jin, moulded, all up and down. Also about 
seven extra-grown oak floors, by tin. at 
centre, tapering to ends to be fitted in position 
as shown by general arrangement plan. 

Stem, etc.— Stem, stern pieces and knees to be 
of well-grown English oak. 

Thwarts, etc. — Thwarts and cockpit seats to 
be of cedar, fin. thick. 

Gunwale piece. — Of American elm, ain. by 

fjn. 

Rubbing piece. — Of American elm, ijin. by 
ijin. 

Covering hoard.— elm, Jin. thick. 

Rising.— Of American elm, fin. by Jin. 

Bilge stringers. — Of pitch pine, lin. by ijin., 
carried all fore and aft. 

Hogging piece. — Of American elm, 4 Jin. by 
fin. 

Deck beams.— Of pine, ijin. by fin., spaced 
i2in. about. 


Floors,— Of pine, fin. thick. ^ 

Motor and dynamo bearers. — Of pine, carried 
all fore and aft, well fitted, and secured to hull 
with screws. 

Motor casing, — To have a neat mahogany 
cover, as shown in general plan, worked with 
watercourses under the joints, and fitted with 
brass circular lights. The sides and ends of 
cover to have removable “ louvres ” fitted to 
ensure a good supply of air reaching the engine 
and carburetter. The whole casing to be made 
of good material and workmanship to approval. 

Decks. ‘^-Of best selected yellow pine in 2in. 
widths, tapering to ends. 

Hull . — The outside to be well rubbed down 
and varnished with four coats of best copal var- 
nish, with gold line in hollow moulding and 
Yacht Cluli badges on bow. Inside to receive 
three coats of varnish, and bilges to be coated 
with Blake’s ‘‘ Algicide,” or other apprived com- 
position. 

Gratings. — Of American elm, as required by 
plan, of fin. or |in. mesh. 

Cleats, etc. — Cleats and fairleads to be of 
polished gunmetal. 

Spray hoods. — To be fitted, with galv'anised 
iron spreaders and hoods complete, both fore and 
aft. 

Sheets. — Fore and stern sheets to be kept wide 
and low, and fitted with cushions, as shown by 
plan. 

Tiller, etc. — One tiller and one gunmetal steer- 
ing wheel to be fitted according to plan. 

Staffs, etc. — (^ne ensign staff, one burgee 
staff, one boathook with gunmetal head, painter 
and bailer, one pair of ash oars, leathered and 
coppered, one pair of gunmetal crutches. 

Slings. — Galvanised iron hoisting slings of 
7-i6in. diameter, chain or bar iron, fitted and 
thoroughly through bolted to keel and chock for 
hoisting launch in davits of barge-yacht. Spread 
of davits, 15ft. 

Tanks. — Copper petrol tank to be fitted as 
shown on plan ; to be of about 20 gallons capa- 
city. All fuel pipes to be of solid, soft-drawn 
copper tubing, well guarded and protected from 
damage. 


A 30ft. Steel Latmch. 


The steel motor launch “ Norvic ” wa.s de- 
signed in 1908 for Mr. J. Dawson Paul, of 
Norwich, by Mr. James A. Smith, M.I.N.A., 
and was built by Messrs. Boulton and Paul, 
Ltd. She is an excellent example of a handy 
motor launch, suitable for estuary and river 
use, and has also been designed so that she 
may be used for sheltered sea work when re- 
quired. Norvic ” was exhibited at the 1908 
Olympia ~ Marine Motor Exhibition, and at- 
tracted a great deal of attention, not only on 
account of her shapely Ikies, but also because 


she was one of the first steel motor hulls to be 
exhibited at Olympia. The finish of the steel 
and wood work, both externally and internally, 
is of the highest class and shows conclusively 
that, in this respect, steel boats can be made to 
compare with wooden ones. 

The design has been prepared with a view to 
obtaining as large a floor space aft as possible, 
it being the owner’^ intention to substitute 
basket chairs for the u^ual side and thwartship 
seats. The motor, which is a 3oh.p. Boulton 
and Paul four-cycle petrol engine, is fitted as far 
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forward as possible, but care has been taken to 

rovide ample room around the motor for easy 

andling and access to all the parts. The motor 
space is divided off from the passenger space by 
means of a steel bulkhead. 

The scantlings are very much heavier than 
they would have been had the boat been de- 
signed entirely for racing, but although the 
weight of hull is more than double the weight 
of a steel racing hull of similar dimensions, 
“ Norvic ’’has proved quite a speedy little craft, 
her speed being about 12 knots. 

Specification of the Steei Motor Launch 
** Norvic.** 

Dimensions. Length overall 30ft., breadth 

moulded 6ft., depth moulded amidships 2ft. 
lojin. ^ « 

General descrip Lion. —The boat to be de- 
signed, tfuilt and equipped suitable in every 
respect for use as a pleasure cruising and racing 
launch. The hull to be well and strongly built 
of Siemens-Martin mild steel in accordance with 
this specification and generally in accordance 
with the plans. The whole of the materials and 
workmanship throughout to be of first-class 
quality. The launch to have a straight stem, 
curved transom stern, large, open cockpit with 
bulkhead amidships. Motor to be fitted for- 
ward of bulkhead, and space aft (if bulkhead 
to be arranged for cl],airs. 

Keel . — Of flat plate type, 14 I.W.Ci. thick, 
well riveted to stem. Double keel angles to be 
fitted, lin. by lin. by iin., extending all fore 
and aft. 

Stem, -Of hammered scrap iron, 2.\in. by 
Ji^i., lower end to be carefully shaped and to 
extend sufficiently far round the forefoot to form 
a good connection with the keel. 

Frames . — Of angle steel, lin. by lin. by Jin., 
spaced ift. 3in. apart, and all to extend from 
keel to gunwale. 

Floors . — Of 12, 14, and 16 I.W.G. steel plate, 
4in. deep amidships, and to extend straight 
across from bilge to bilge ; to be fitted on every 
frame, except at forward end of boat, and to be 
increased in depth at ends as necessary. To be 
flanged lin. on top edge and no reverse bars to 
be fitted, except where shown on plan. 

Keelson.— Double keelson angles lin. by lin. 
by ^in. to be fitted where shown on plan. 

Shell plating . — Of 16 I.W.G. styel plate with 
lapped edges and butts, single riveted. Tran- 
som to be 16 gauge thick, well stiffened with 
angles as required. 

Motor bearers . — To be of steel plate 12 gauge 
thick, extending as far forward and aft as neces- 
sary to distribute the thrust. Lower angles to 
be I Jin. by liin. by ^in. and to be extended to 
forward bulkhead. Top angle to be ijin. by 
ijin. by 3-i6in.; Jin. by |in. by Jin. stiffeners 
with brackets to be fitted Is required. 

Gunwale . — Of steel aHgle ijin. by ijin. by 
Jin. extending all fore and aft, and arranged to 
take a 3 in. by lin. teak rail. 


Deck beams . — Of iJin. by iJin. by Jin. steel 
angle on every frame, connected to frames with 
steel bracket plates. Deck stringer plates and 
tie plates of 16 gauge thickness to be fitted as 
shown on plan. 

Bulkheads . — Of 18 gauge steel plate well stif- 
fened by Jin. by Jin. by Jin. steel angles. For- 
ward and after bulkheads to be fitted with doors 
lor access to peaks ; doors to be arranged so that 
they can be screwed up watertight against rub- 
ber straps, or as approved. 

Decks . — Forward and aft to be of lin. yellow 
pine laid in narrow, tapered planks. To be 
fastened at each beam from below by means of 
galvanised screws, and to be caulked with cot- 
ton and payed with marine glue. Rail of 3in. 
by lin. teak to be fitted all fore and aft, forming 
covering boards at sides of deck. 

Motor- casing . — A light casing of teak to be 
fitted over motor. To have glass skylight top, 
fitted with brass protection rods and brass 
hinges. 

Flooring . — To be of Jin. pine, fitted on 2in. 
by I Jin. pine bearers spaced as shown on plan. 

Rudder and steering gear . — Rudder to he of 
Jin. galvanised ste(‘l plate with ijin. galvanised 
wrought iron stevek and galvanised tiller; all 
arranged to be easily portable. 

Propeller bracket . — To be of galvanised 
wrought iron or gunmetal casting with strong 
palm for attachment to hull. 

(Unimings . — A coaming of Jin. leak to be 
fitted round cockpit as far aft as ’midship bulk- 
head. To be 3in. high above deck forward and 
gradually tapered off to after end. fin. teak 
coaming to be fitted across after end of cock- 
pit, and a teak rail across top of ’midship bulk- 
head as shown on plan. 

Mouldings . — A pear-shaped American elm 
moulding, 2 in. by i Jin., to be fitted all fore and 
aft, but no facing strip to be fitted. 

Painting . — Tlie whole of the steel work to re- 
ceive two priming coats of best red lead paint 
and two finishing coats of colour to approval. 
All interior woodwork to be left bright and to 
receive four coats of best yacht varnish. 

Outfit , — One pair brass fairleads forwaid and 
one pair aft, one pair brass bollards forward 
and one pair aft, two ash flagstaffs with brass 
socltets, one 301b. galvanised anchor of approv^ 
pattern with 20 fathoms 5'“ibm. galvanised 
chain, one galvanised chain pipe with flap, set 
of copper navigating lamps of approved pat- 
terns with brass brackets, four manilla becket 
lines with spliced eyes, one 2jin. manilla warp or 
painter 10 fathoms long, chairs or seats for after 
cockpit to owner’s approval, two brass spike 
boathcoks, with ash staffs, one long and one 
short, one brass spike boathook with paddle 
staff, eight canvas-covered side fenders with 
white cotton lanyards and brass cleats, one pair 
ash oars, leathered and copper bound, with one 
pair gunmetal rowlocks fitted with wooden 
chocks, cotton lanyard^. 
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4|-Ton Auxiliary Single-Handed Cruiser. 


This boat is a good example of the modern 
type of single-handed cruiser. She has 5ft. bin. 
headroom on an extreme draught of only 3ft. 
9in/and is an able sea boat, suitable for almost 
any part of the coast. The addition of a bh.p. 
motor makes no difference whatever to her in- 
ternal accommodation, as the motor is com- 
pletely installed beneath the co'ckpit floor, but 
the presence of a motor enables the owner to 
make passages that he could not otherwise 
attempt in calm weather, and also gives him 
the power to get into .small harlx>urs and up 
narrow waters in the face of a head wind. 
None of the sailing qualities of the boat have 
been sacrificed to the motor, but at the same 
time the power is sufficient to drive the boat 
at a sf>eed of about six knots under ordinary 
conditions, and with the propeller blades turned 
fore and aft in line with the Stern post, she 
would be as fast under sail as any of the regu- 
lar sa^iling cruisers of her type. Tlic accommo- 
dation consists of a cabin 8ft. in length, with 
5ft. bin. headroom in the centre. The sofa 
berths on either side are of ample dimensions, 
with good lockers underneath, and, in addition 
to these lockers, there are a pair of good-sized 
sideboard cupboards forward, and a similar pair 
of smaller dimensions at the after end of each 
berth. Forward of the cabin is a small fo’c’sle, 
with room for one folding cot, with a pantry 
cupboard on the port side, and a s<*parate fore 
hatch. For single-handed work, the cooking 
stove and utensils would be fitted on the fK>rt 
side beside this cupboard, and there would be 
ample room here to stow a large amount of 
baggage, etc. Aft of the cabin is a good cockpit 
with watertight floor, a section bf which can be 
removed over the motor. It may appear at first 
sight that the motor would be rather inacces- 
sible under this floor, but the companion and 
the large panel in the cabin bulkh<‘ad are easily 
removable, giving access to the motor, and 
when the section of the flooring above is also 
removed, the w’hole of the motor and its gear 
is exposed. The fuel tank is placed under the 
side deck on the starboard side, with a fresh- 
w’ater tank to balance it to {x>rt. In addition to 
these tanks, there is a large amount of locker 
space under the side decks and cockpit seats, 
some of which is accessible from the cabin, and 
the rest from the cockpit. Above the cockpit 
again is the sail hatch, giving access to the in- 
terior of the counter, where there is ample room 
for all spare sails> w^arps, etc. 

The accompanying specification gives full 
details as to the substantial w’ay in which the 
boat is built, from which it will be seen that 
she ts strong enough for the roughest knocking 
about. 


The rig, though not perhaps pleasant to many 
people, owing to ihe absence of a bowsprit, has 
purposely been designed to keep the whole of 
the sail plan within the extreme limits for the 
vessel’s length, the end of th^ boom being 
plumb with the taffrail. This, of course, neces- 
sitates a somew'hat lofty sail plan. This, how- 
ever, is not so noticeable when the jackyard 
topsail is not set. 'Iliis sail is easily handled, 
and w'hen not in use is stowed in the fore peak, 
with the end of the yard lashed under the side 
deck on the port side of the cabin, being then 
completely out of the w^ay. Without the topsail, 
the sail plan is quite snug, and very easy to 
handle, consisting, as it does, of two sails only, 
both fitted with roller gear. 

In designing this boat, three main qualifica- 
tions were kept in view; firstly, ease of handling, 
combined with ample seaworthiness; secondly, 
comfortable accommodation, combined with 
small size and light draught; thirdly, good sail- 
ing qualities and ample stability. 

Several similar boats have j)roved excellently 
adapted for this purpose, and a boat of this 
kind, owing to her small size, is by no means 
expensive, although the price will largely depend 
on the class of materials and the simplicity or 
otherwise of the fittings. 

Specification No, 374, 

Auxiliary Single-Handed Cruiser. 

Dimensiotis . — length over all, 27ft. ; beam 
(e.xtreme), 7ft. ; draught, 3ft. qin. All lines 
drawn to outside of planking. Sections and 
water-lines spaced as stated on lines drawing. 

Scantlings, 

Keel.— Onk or English elm ; greatest breadth, 
2ft. ; moulded 4Jin. 

Stem . — English oak, natural crook, sided 
3.Jin., moulded 4Jin. at head, sided Sin. at 
scarph with keel, to be in one piece if possible, 
and scarphed and bolted to keel by ®in. yellow 
metal bolts. The lead keel bolts at this $ipot are 
to be of ^in diameter yellow metal. 

Sternframing . — The counter frame and main 
stern frame to be in one piece of English oak, 
as shown in construction plan, the greatest 
siding being i i^in. at the rudder trunk, tapering 
to 4in. at the extreme after end of the counter 
frame. To be sided to suit shape of boat for- 
v/ard of the trunk. The after end of the stern 
frame (at rudder) to be sided 3 Jin. just below 
rabbet, tapering to 2in. at heel of rabbet. Stern- 
frame bolting to be; as shown by dotted lines. 
A brass strap is to be^fitted around the propeller 
aperture as shown, to be let in flush with dead- 
wood and through riveted. 
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Rudder trunk, — Oak, shaped and fitted as 
shown, with galvanised iron knee to beam at 
after end, and shown in beam plan. 

Rudder. — Of oak. Diameter of stem at head 
^in., capering to 2 Jin. at heel. The blade to 
e tapered to after edge to fair out the run of 
the boat. The fore edge must be sharpened at 
propeller aperture. To be fitted w’ith brass 
straps and pintles, as shown. 

Planking.- I'm, finished Kauri pine or othei 
suitable wood in narrow widths. 

Timbers. — American elm, moulded lin., sided 
i|in., spaced yin. centre to centre. The heels 
of all timbers to be joggled into keel and stern, 

etc. An extra timber to be worked at mast 
between the ordinary timbers, to be of same 
scantling as above. 

Transom. — Of oak, teak, elm, or Mauri pine, 
sawn or steamed to curve, ijin. thickness. 

Beams.~Of pitch pine. The ordinary through 
beams to be ijin. sided by 23in. moulded. Main 
beams at fore and after ends of cockpit and fore 
end of cabin top to be of oak, 2|in. sided by 3in. 
moulded. Other main beams, oak, 2in. sided 
by 2jin, moulded. Half beams, i;fin. sided by 
2in. moulded. All ends dovetailed. 

Chocks to be fitted as shown for mast, etc. ; 
to be of hardwood. All main beams to have oak 
lodging knees and galvanised iron hanging 
knees. 

Rail. — Rail and ca^^ping to be of teak, 3in. 
high at fore end, decreasing in height trrwards 
archboard, as shown. 

Floors. — Galvanised wrought iron floors, to 
be fitted at timbers as ip.dicai(Ml in letters F, F ; 
to be I Jin. by Sin., taf>ering towards ends, and 
to* extend well up into the turn of the bilge — 
swelled for lead keel bolts. 

Shelf or gaaie'or/c.— American elm or Oregon 
pine, 2in. sided, 310. moulded amidships, taper- 
ing fore and aft, through fastened through skin 
and timbers at every alternate timber. 

Bilge stringer. — American elm or Oregon 
pine, I fin. by 3in, amidships, tapering fore and aft. 

Carlines. — Of Oregon pine, 2iin. moulded, 
2in. sided, curved fore and aft, as shown. 

Cabin top sides and cockpit coamings . — To 
be of Jin. teak. 

Cabin top. — Jin. (canvas covered) white pine 
► on lin. by lin. steamed American elm timbers, 
spaced 8in. centre to centre. 

Deck. - ^in. (canvas covered) or j|in. caulked 
Kauri pine. If caulked, the deck is to be secret- 
nailed and caulked with cotton and payed with 
good-quality marine glue. 

Breasthook. — Of galvanised iron, ijin. by 

fin. at throat ; arms to be qin. long ; size at end 
of arms to be lin. by Jin. 

Knees. — Lodging knees and quarter knees to 
be natural oak crooks lin. thick, shaped as 
shown. 

Cockpit. To be fitted is shown, with |in. 

watertight floor on ijin. 'Iiy 2in. pine bearers, 
spaced as shown. To be fitted with lockers, and 
space for tanks, as shown. 


Bulkheads. — Bulkheads of cabin and cockpit 
to be of Jin. pitch pine or teak. 

Cabin. — The cabin to be fitted up with uphol- 
stery, etc., to suit the owner’s requirements. 
The distance between the bulkheads to be 8ft, 
lin. Two side-boards are to be fitted at each 
end of the sofa berth on the port side, as shown, 
and one side-board only at the after end on the 
starboard side. Both side-boards at the after 
end to have lift-up tops. 

Four hinged or screw port lights to be fitted 
on each side and two in the fore end of the cabin 
lop, to be 4in. in the clear and to have brass 
rims. A portable companion ladder is to be 
fitted, so that it can be taken away to give 
access to the motor, and the after bulkhead is to 
have a movable panel for the same purpose. 

Cabin floor and floor beams to be same as for 
cockpit. .Fronts and seats of sofa berths to be 
|in. thick pitch pine. Small doors to be fitted 
in after bulkhead to give access to lockers on 
each side under the cockpit seats, as shown. 

Forecastle. — To be fitted up as shown. The 
cuf>lx>ard is to be fitted with shelf and racks for 
crockery and cooking utensils. The floor in the 
fo’c’slc to be on the same level as the sofa 
berths in cabin, as shown. 

Sail locker. — A batten-lined sail locker to be 
fitted aft of the cockpit, with square hatch,, as 
shown. 

Deck fittings. — To consist of the following : — 
One large galvanised iron mooring bollard; 
one galvanised iron chain pip)e ; one galvanised 
iron roller chain lead on side of stem ; brass cap 
to rudder head ; one gunmetal fairlead on each 
quarter; galvanised iron tiller; one galvanised 
iron pin rail on fore end of cabin top ; one main 
sheet horse; cleats, leads, etc. 

Engine. — Engine and tanks to be installed in 
accordance wdth engineer’s instructions. 

Fastenings. — To be of copper and yellow metal 
throughout. The lead keel bolts to be of yellow 
metal, Jin. diameter in middle of same, de- 
creasing to Jin. at ends. Wing’ bolts through 
wood keel and floors are to be fitted where the 
width of the keel exceeds loin. Of same 
material as above, but |in. diameter. 

Spars.— A complete set of solid, clear-grown 
Norway spars to be fitted of the following 
sizes: — Mast, length heel to shoulder, 31ft.; 
diameter at heel, 3Jin. ; diameter at deck, 4Jin. ; 
diameter at hounds, 4 Jin. ; diameter at shoul- .. 
der, 3in. Boom, length over all, iqft. sin. ; * 
diameter at fore end, 3jin. ; diameter at after 
end, 3 Jin. ; to be fitted for roller reefing gear as 
shown. Gaff, length over all, lift, qin. ; length 
of pin of tumbler to lacing hole, lift. 6in. ; dia- 
meter at jaws, 2in.; diameter in middle, 2jih. ; 
diameter at outer end, ijin. Topsail yard, 
length over all, 17ft. 6in. ; to be of bamboo, 
2iin.-2jin, diameter. Jackyard, length over all, 
qft. 6in. ; to be of bamboo, ijin. diameter. Fore- 
sail roller, bamboo, 20ft. loin. over all; dla- 
meter, 2in.-2iin. • 
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‘‘White Kitten/^ Motor Auxiliary Hard-weather Cruiser. 


This yacht ha.s been designed and built by 
Summers and Payne to drawings supplied by 
her owner, Mr. A. St. G<H>rge Caulfield. Her 
owner has built the little yacht for cruisin^^, 
winter or summer, in the troubled waters of 
Christchurch Bay, and the passin^^ to and from 
of the Needles passage. W ith good beam, full 
lines and a yawl rig, with a total sail area of 
984 square feet, VV’hile Kitten ’’ should suit 
these requirements. The cockjat is self-drain- 
ing and not too large. The drawings and speci- 
fication will give a very comprehensive idea of 
this little boat. 

A feature in “ White Kitten ” is the installa- 
tion of the Kelvin motor and Bergius folding 
propeller. On the Clyde these installations art* 
no novelty, but in the south it is only during the 
1908 season this very simple and reliable motor 
and folding propeller has been introduced. 

The motor is a two-cylinder model of 7h.p., 
and, placed on the starboard side out of the 
centre line, it occupies very little sj)ace; the 
shafting passes through a hard wood chtx'k and 
the planking, and is carried oullMmrd by a 
bracket. When required for sailing, the blades 
are closed, and offer the minimum of la sistance ; 
easily opened, the propeller is working in “solid” 
water, and the greatest elliciency is obtained. 
The motor is st.artc'd on petrol, but the ])etr<>l 
required is only a wineglassful, and is contained 
in a cup with a screwed top fitted in the cix'k- 
pit. When this small quantity of petrol is con- 
sumed, the motor has sufficiently warmed up to 
work on paraffin. With the exhaust discharge 
below water, there is practically no smell, and 
a speed of five knot® can be maintained with 
absolute regularity. 

“ White Kitten ” has just been built, and is 
a notable addition to the ever-increasing motor 
auxiliary fleet of yachts in the South of Eng- 
land. 

Specification of a 12 •ton Cruising Yawl 
Yacht. 

To be fitted with a yh.p, Kelvin motor, with 
magneto, folding propeller, bracket, shafting, 
petrol tanks, etc,, complete. 

The yacht to be of about the following dimen- 
sions, viz. : — Ixmgth (over all) 39ft. 6in., length 
(L.W.L.) 29ft. bin., beam (extreme) 10ft. 5in., 
draught (extreme) 5ft. 

To be built at Southampton by Messrs. Sum- 
mers and Payne, Ltd., to designs and under the 
superintendenc'e of Arthur E. Payne, A.M.EN.A., 
in the best possible manner, and the yacht to be 
copper or yellow metal fastened throughout. 

Keel. — Of English or American rock elm, In 
one length, sided and moulded as required. 

Stern post. — Of English oak. 

Stem and deadwoods.—iOf English oak, well 
grown to shape. 

Frame. — Of English oak, all grown frames , - 


and with a good grain. Frame bolts of copper 
or yellow metal. Double frames amidships to 
turn of upper bilge ; single frames at each end 
of yacht, qin. by 3in. at heel amidships, 2iin. 
by 2in. at head. To have galvanised wrought^ 
iron floors on every frame amidships and on 
every third frame at ends of yacht, arms of 
floors fastened with copper bolts clenched on 
rings. Throats fastened with yellow metal 
bolts. 

Planking.- thick, two top planks each 

side to he of teak. Pitch pine below that to 
2ft. below L.W.L. , with American rock elm in 
bottom. To be fastened with yellow metal 
dumps and copper through lx>lts. ^ Shelf of 
larch, qin, by 3in., tapered at ends, fastened 
with yellow metal through bolts clenched on 
rings.' • ■ 

Deck beatyis. — Of English oak, 3in. by 2^111., 
through bolted to shelf and secured with gal- 
vanised iron hanging knees and English oak 
lodging kn(‘es, properly fitted and through 
fastened, with necessary properly-framed mast 
partners, well fastened. 

Decks and plankshear.- -Of teak, fastened 
with yellow metal dowels and edge nails, well 
caulked with tx)tt<>n and best Navy oakum, and 
seams jiayi'd with Jeffery’s best marine glue. 
Deck planks to be 3in. by liin., and laid 
straight. Bulwark strip of teak, qin. by ijin., 
w<‘ll bolt('d, with clean American rock elm rail 
on lop. Brass mooring chocks on bow and 
stern. 

Skylight^ companion and hatch, cockpit 
coamings and mast bitts of teak. 

A properly-construct(‘d lead bilge pump with 
brass deck plate and galvanised iron pump 
spear and upper and lower boxes complete; also 
semi-rotary pump for motor compartment to bo 
supplied. 

The inside fittings to be of leak and pine, 
painted and varnished, as the case may be. 
.Saloon, sofa scats with lockers under, squabs 
‘-tuffed with hair and ctwered in pegamoid or 
other suitable material of any desired colour. 
One teak folding table and folding wash basin 
combined and mirror, hfet rack at either side 
alx)ve sofas.' Two candle lamps, linoleum for 
floor, teak ladder. One patent underline closet, 
with all necessary fittings and teak folding top. 
Pantry fitted with plate racks, shelves, lockers 
or cupboards, etc. ; one lamp. Forecastle fitted 
with galvanised iron cot frame and canvas bot- 
tom, lockers and cupboards, one table, one 
lamp, one small swing paraffin stove. Lino- 
leum on floor of cockpit. 

Rudder. — Oak mam piece with blade of Eng- 
lish elm or pine, c^>pper rudder bands, with 
brass pintle at heel. Galvanised iron or wood. 
Tiller, brass cap for rudder head. 

Spars to consist of pole mast, boom, gaff, top- 
sail yard, jack yard, bowsprit, 'mizzen mast, 
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b(>om and gaf!, outri^ga*. At spars "solid, e?t- piker fip^ings . — Galvani^jpd iron ,;^aa rope, 
cept topsail yard, which is ^ hollow. Saiisl|(?standhions, ooHon man isopes, aide Adder/ bin- 
(tanned) to consist of phe main sfiil, one fore nacle and spirit compess, one Hfebui^, one gal- 
sail, on^ mizzen, one jackyard topsail, one bal- vanised huckdt^ aide lamps., ajod boards, 

loon jib topsail, i?wo jibs, one balloon foresail head lampr 6ne riding lamp (japaiisie^ 3Bal- 

and sail coats. last, lead, about four tons On keel witk.«sunfli. 

A suitable small capstan and bollards to be cient inside lead ballast to trim yacht^ to her 

fittjed, with roller on stem for cable. One gal- designed water line. The jac^t to be pro|3€rIy 

vanised bower anchor, one galvanised kodge prepared and painted, or varnished, as the case 

anchor, 45 fathoms galvani^d short link |in. may be, inside and outside. tPhe hull outside 

^hain cable, one warp, one hand lead and line, to be painted three coats and one coat of , enamel 

it wo spare tackles. on topsides, and gold line round yacht. The 

I — All necessary galvanised steel wire bottom to have three coats of approved /Inti- 

jStanaing rigging for rig; all neccs.sary running fouling composition. 

rigging of best hemp and manilla yacht rope, The whole of the materials used Jin the cOn- 

and rigging screws. A comf^lcte set of blocks struction of the yacht and her outi't to be of 

jsuitable for a yacht of this size, to have extra the best of their respective kinds, and^of first- 

|thick sheaves to allow the rope to r^n freely, class workmanship, and to be completed ready 

and all to be patent sheaves. All necessary iron- for sea, e;icepting plate, crockery, glass, linen, 

work for jpcht, blocks and spars to be of the owner’s blankets, bedding and consumable 

i^est make and properly galvanised and leathered stores, and delivered off the yard, after satis- 

where required. factory trial run with power and under sail. 



Sail Plan of “ White Kitten.*^. 
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** Concara,** •'Motor Auxiliary Yaclit. 


We will turn for the momeiit from new boats 
to an old and well-tried flishing yacht, ‘‘Con- 

This" little vessel, designed and built in 1904 by 
Summers and Payne, specification and plans of 
which follow, has proved a very reliable and ser- 
viceable type of yacht, ^nd notwithstanding the 
exceptionally large well whidi her owner had 
made to his own requirements and to suit his 
trawl as well as line fishing on the Devonshire 
coast, “ Ccincara ” has proved a good sea boat. 
Snugly rigged as a pole-masted cutter, with a 
sail ar^a of i,i8y square feet, she is not fast in 
light airs (this is not required, however, as the 
iriotor then comes into use), but in moderate to 
hard winds she shows gwid speed and is well 
balanced. 

The motor is a two-cylinder Thornycroft, with 
cylinders 6in. diameter by 8in. stroke, and de- 
veloping 24b. h.p. at 700 revolutions. The speed 
obtained Is 6.75 knots. 

The propeller is two-bladed, and, when sailing, 
is covered by the stern post, olTcring but small 
resistance. 

The }Jele-Shaw reversing gear makes the con- 
trol for the helmsman very simple, and has 
worked extremely well. 

A power capstan is a feature in this well- 
equipped fishing yacht, and for working the 
trawl beam or getting up the anchors, saves a 
great deal of labour. Power is transmitted from 
the main engines by shafting and bevel gear. To 
take the shock of breaking out an anchor, or un- 
due strain from the trawl, a slipping clutch is 
provided, and the capstan has proved in the four 
years of its existence a succes.s. 

The accommodation was designed to suit the 
owner’s requirements. “ Concara ” was to be 
used as a “ day boat,” but comfortable quarters 
are provided in the event of the owner and a 
friend wishing to stay out for a night.^ 

The main cabin has sofa berths 6ft. 6in. long, 
and wide enough to sleep with comfort. Side- 
boards and lockers are provided for the provi- 
sions, and adjoining is a well-fitted pantry. 
There is a good roomy closet and lavatory, and 
a forecastle which will accommodate tvyo paid 
hands, in case an “ extra ” hand is required. 

The specification will show what a strongly- 
built vessel “Concara” is; her teak planking 
and oak frame and finish throughout are almost 
unnecessarily good for the work such a yacht is 
designed for. 

Specification of the A uxifiary M otor Fishing 
Yacht •* Concara/' of 16 Tons T.M. 

Dimensions . — Length on l.w.k, 35ft. 6in, ; 
l:)eam extreme, loft. 7in. ; draught, 6ft. 

ScantUngt etc.—Kcel.—Oi English elm, and 
7in. deep, • 


English oak, sin, sideid, and 
moulded as required, to be well grown t 6 shape. 

Stern poH . — Of Eit^lish oak, sin. sided. 

Deaditfooch.'—^i Engli.sh oak and elr^i, as 
directed by the architect, and to be well fastened 
with yellow metal bolts, i,ih. and fin. in ' 
meter. 

Rndder.-^Malnplece of English oak, ''Sid* 
head, blade of rudder to be of pine, w'ell fastq 
with Jin. yellow metal bolts. ^ 

Frame. ~Oi English oak,^all well grown' 
shape, and free from sap and other defec, 
Sided 2.yn. and inouided at heel 410., tapering; 
2jin. at head. i 

Planking. — Of teak, liin. thiclt. from she 
strake to water line, below that of pitch pine, 
with garboards of American rock elm, i|in. 
thick. 

Deck. — Of best-selected yellow pine, ijin. 
thick, planks to taper fore and aft, and to be in 
as long lengths as possible, and free from knots 
and shakes, fastened with dowels and diagonal 
edge nails, the seams to be very carefully eaulked 
with cotton-wool and best oakum, and payed 
with Jeffery’s first quality marine glue. 

Covering hoard. — Oi teak, inin. thick, to be 
well fastened with metal screws, 

Deck beams. — 0 ( Iinglish oak, sided 3?in, and 
moulded 3fiin. ; mast beams, 4^0. by 3Jin. 

Knees . — To have 10 wrought-iron hanging 
knees aside, as directed by the architect, to be 
fastened with copper bolts, throe in each arm. 
I'ivc oak lodging knees to be fitted on each side, 
whole required. 

Clamp. — Of teak, 4in. thick and 6in. deep, 
through fastened with copper bolls. 

Bilge stringer. — Pitch pine, 6m. by ijin., to 
be worked on cither side, through fastened with 
Jin. copf)er bolts. 

Rails.— Oi clean American elm, to be well 
seasoned and free from defects. 

Bowsprit bitts . — Of galvanised steel. 

Capstan. — A capstan of suitable size, with the 
usual stonper.s and compressor, as supplied by 
Messrs. Percy Thellusson and Co. 

Caulking. — 'J'hc yacht to be very carefully 
caulked with be.st oakum, and the seams payed 
and puttied, as directed. 

Ballast. — A lead keel of about 4J tons, to be 
cast and fittcMj, and .securely fastened with cop- 
per and yellow metal ’’bolts and nuts, as directed 
by the architect ; sufficient internal lead ballast 
to float vessel to desigired l.w.l. 

Steering gedr. — Galvanised iron tiller. 

Fastenings. — 'Fo be of copper and metal 
throughout. I'he planking to be fastened with 
|in. metal dumps ^and 5-1 6in. copper bolts in 
butts, dead wood bolts to be of Jin. and fin. cop- 
per and metal. Lead It eel bolts of T|in. copper 
and metal, hove up with nuts. 
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Irott /^0dfjJ.-~Wrought.irdn floors to be- fltted 
to every frame amidships aad alternate frame at 
ends, and to be through fastened 'with copper 
bolts, through" frames and not through odtside 
planking. , 4 

Deck work, ^AU skylights, companion ways, 
and hatches to be, of teak, very neatly fitted. 

Internal fittings. —To be of teak and pine, very 
neatly fitted, and arranged according to plan. 
Forecastle to be bright varnished, painted or 
grained, and to have galvanised iron cots. 

daboose. - An oil stove of good make to be 
supplied and fitted with all necessary utensils 
[suitable for size of vessel. 

[ Pump , — One properly-constructed pump to be 
fitted to bilge, to discharge through ship’s side 
under water/ 


^ Deck fittings,— AU dstk fittiflgs of ^approved 
make to be. supplied and fittid as is usua|:5n tr 
of this ^ size. : ^ ' ' 

Bohstay^ bar, ^fc.'r-TcTbe cqpper gnd 
metal. , 

Ridge rope stanchions,— To Slave cidge rt>pc 
stanchions of galvanised iron fitted oh each 
quarter, with quarter, (jloths properly 

Mooring cleats.— To have two brass-moOring 
cleats on taffrail and two on the eitd of 
rail. 

Spars. —To have a complete set of spars Suit- 
able for the rig. The mast to be of pitch pine ; 
all to have the necessary galvanised iron fittings 
of best make. 



Sail Plan of “Ooncara.” 
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' Blocks,-— To have a complete set of hest inter- 
fial-stroped ash blocks, with patent roHer 
^heaves to halliards and main sheet. 

Standing figging . — To be of best steel wire of 
suitable size and neatly fitted. 

Running figging . — To be of best hemp and 
itianilla and steel flexible wire rope. All to be 
fitted to the satisfaction of the owner or his cap- 
tain. 

Sails . — A complete suit of sails by Ratsey and 
Lapthorn, consisting* of mainsail, roller foresail, 
three jibs, one topsail, one spinnaker, one jib- 
headed trysail, with all necessary sail coats and 
bags. 

Anchofs and cable . — To have one galvanised 
bower anchor and one galvanised kedge anchor, 
and 45 fathoms of galvanised chain cable. One 
warp and two suitable hauling lines. 

Upholstery, etc . — The upholstery to consist of 
linoleum on floor of cabin and closet, cushion of 
cabin of hair covered in selected leather. 

Binnacle . — A binnacle of brass, with liquid 
compass of best make. 

Winch . — A patent Gipsey winch, to be fitted to 
mast, all galvanised. 

Lamps . — A pair of copper dioptric side lamps, 
with screens complete, a copper riding lamp, and 
bronzed cabin lamp, to be fitted to saloon, and 

A Cruiser With 

Nornodeste,” which was designed by Mr. 
James A. Smith, M.I.N.A., is built of teak, 
with oak and elm timbers, elm keel, etc., oak 
stem, stern post, etc., and has a heavy outer 
keel of iron. She is 14 tons Y.M., and measures 
42ft. long over all by 9ft. beam, and is fitted 
with a 3oh.p. Gardner paraffin motor, with 
Gardner reverse gear, clutch and thrust. The 
motor is installed in the forecastle, and the ac- 
commodation, consisting of a large saloon and 
double-berthed state-room, with the usual oflices, 
is thus kept all together and away from the 
machinery. The speed obtained during the pre- 
liminary trial was just under nine knots, being 
fully half a knot in excess of the estimated 
speed, which shows that the novel type of yacht 
selected by the designer is quite satisfactory as 
regrirds speed. Her sea-going cmalities also are 
all that could be desired. ** Nornodeste ” is 
being fitted with an auxiliary schooner rig con- 
sisting of two pole masts with Hem bridge lugs, 
and there is sufficient sail area to enable the 
yacht to be manoeuvre<l without the use of motor 
power. The aim of the designer in this case 
has ’•been to produce a motor boat of a tho- 
roughly seagoing type, with comfortable cruis- 
ing accommodation, at a minimum cost, and 
the preliminary sea trials of “ Nornodeste ” 
showed that the object has been attained. 

Specification of ** Nornodeste ** 

Dimensions.— 'hength over all 41ft. iiin,, 
breadth (extreme ove,r planking at deck) 9ft., 
draught (maximum) 3ft. 5in, 


two candle lamps, to be fitted where required# 
One bulkhead paraffin lamp for forecastle. 

Bell, etc.— A bell and fog-horn and flareup, as 
required by the Board of Trade. Also the neces- 
sary hand leadlines. 

Painting.— The outside of the yacht to have 
four coats of best oil paint, the topsides to be 
finished bright varnished, the inside to be neatly 
painted* varnished, and polished, as desired,’ The 
deck work to receive four coats of best copal 
varnish. 

Boats . — A suitable dinghy built of pine and 
teak fittings, and fitted complete with oars, 
crutches, boathooks, etc. Boat 12ft. long and 
bright varnished. 

Forecastle requisites . — The usual dustpan, 
hair broom, banister brush, wash kids, basin, 
lamp, ajiirror, plates, cups', knives and forks, 
spoons, etc., for use of crew. 

Sundries . — Two w^ater breakers,' four cork fen- 
ders, tw'o lifebuoys, one canvas bucket, two cork 
deck cushions, one squeegee, two coir brooms, 
two hair paint scrubbers, one mop, two chamois 
leathers, etc., stand for water breakers. 

The yacht is fitted with a Messrs. John I. 
Thornycroft and Co., Limited, two-cylinder 
motor. Diameter of cylinders bin. by Sin. stroke, 
and 26b. h.p. 

Auxiliary Sails. 

General description . — The vessel to lie strongly 
constructed of wood in accordance wdth the plans 
and this specification. To be completely decked 
over, with the exception of a small cockpit aft, 
and the sides of the boat to be carried up to 
form the cabin. To be schooner rigge<i with 
Bembridge lugs and staysail. The vessel to be 
delivered com])lete in seagoing order after satis- 
factory trials under motor and sails. The whole 
of the workmanship and materials to be of the 
best quality, and the work to be done under the 
supervision of the owner or his representative. 

Keel . — Of English elm, 4^in. thick, and 
shaped to form of boat as shown on plan. After 
end to be tenoned into stern post. 

Stem.--To be of English oak, grown crook, 
bin. moulded and qin. sided. To extend over 
keel as shown on plan, and to be securely bolted 
to keel with ^in. copper bolts. Upper end to be 
left squqre and the rabbet cut so thaj* the stem 
follows out the lines of the boat. If the stem 
cannot be obtained im,one piece, it may be put 
in in two pieces with a long .scarph, with a 
strong apron piece inside. 

Transom , — Of lAin. English elm with a 4111. 
grown oak crook knee inside. 

Stern post . — Of English oak, sided sufficiently 
to allow plenty of substance at stern tube. 
Lower end to be tenoned into keel, and the top 
to extend through the counter frame to the in- 
side of the boat. 

Dcadwood . — To be in two pieces as shown on 
plan, and to be of sufficient * thickness for 





THE .MOTOR 

shaping, so as to carry out the lines of the boat, 
A short counter frame be fitted fr'om transom 
to stern post, and rabbeted to receive planking. 
The whole of the deadwood, stern post and keel 
to be strongly fastened together with copper 
bolts. 

Timbers , — Of i|in. by ijin. American elm, 
spaced yin. centres. Lower ends to be joggled 
into keel, and all timbers to extend to the deck 
in the cabins. 

'"'Planking . — Of Jin. finished ])ine, fitted carvel 
fashion with caulked joints. Planks to be fitted 
in narrow widths with as few scarphs as pos- 
sible. The wood is to be free from sap and large 
knots. Seams to be caulked with cotton and 
stopped with white lead putty. Cabin sides 
above sheer line to be of leak in one width, 
and to be finished bright. 

Shelf . — Of 4^in. by 2in. Oregon pi»e, froin 
stem to afteiicnd of cabin top. Another shelf 
to extend from transom forward to about sec- 
tion 5 at line of sheer. To be fastened through 
planking and timbers with stout copper nails 
clenched over rooves. 

Bilge stringers . — Of 4in. by 2in. Oregon pine 
in one length each side. To be fastened at 
every second timber with stout copper nails, 
and to have an oak breasthook forward and oak 
knees aft. 

Beams . — Of 2 Jin. by 2in. pine. Beams at 
after end of cabin and two beams under each 
mast to be of 3in. by 2jin. oak. Ends of beams 
to be dovetailed into shelf and to have about 
six strong galvanised iron hanging knees and 
six oak lodging knees each side. 

Deck . — Of I in. yellow pine, free from knots, 
shakes, sap and other defects, laid in narroev 
planks, with seams caulked with cotton and 
payed with marine glue. A covering board of 
teak about 5in. wide to be worked round edge 
of deck. 

Coamings . — Coamings round cockpit to be of 
I in. teak, standing 4in. high above deck. To 
have teak corner knees and a teak moulding 
round upper edge. 

Floors . — Of ^in. oak crooks, with arms ex- 
tending^ well up bilges. Floors at ends of boat 
to be of 2 Jin. and 2ln. oak as necessary. To lx.* 
through fastened wherever possible and floors 
which do not carry k<'el bolts to have Jin. cop- 
per bolts through the middle. 

Motor hearers.— Fitted as necessary, of 3in. 
oak. To be arranged to distribute weight and 
vibration over as large a length as possible, and 
to be firmly fastened through floors and timbers 
with copper bolts. 

Bulkheads.— Bulkheads at forward and after 
ends of cockpit to be of teak. All others of pine. 
To be strongly fastened to stdes of boat to assist 
in the transverse strength. To be of matching 
4in. wide, with tongued and grooved joints and 
V’d edges. To be fitted with necess<ary doors 
with brass (umiture. 

Flooring . — ^Of Jin. pine, laid on 2jin. by ijin. 
pine bearers, spaced about i5in. apart. Floor- 
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ing in cabin to be covered with linoleum of ap- 
proved pattern and quality, 

Mouldin^s.-^A pear-shaped moulding of dm* 
. 2in. by ijin., to be fitted round boat at sheer 
line, and a lower moulding of ijin. by fin, elm 
to be fitted under top strake. Covering board 
round raised deck to project beyond planking to 
form a moulding. Small quarter moulding to 
be fitted round coamings. 

Cabin work . — All necessary bunks, lockers, 
cupboards, shelves and other fittings, including 
vv.c., to be supplied and completed to owner^s 
requirements. Fittings in motor room and fore- 
castle to be of pine. 

Hatches and skylights . — A teak sliding hatch 
to be fitted at after end of deck for access to 
cabin, and another sliding hatch to be fitted aft 
of foremast if required. Teak forecastle hatch 
to be fitted. Two teak skylights with brass 
hinges, quadrants and protection rods to be 
fitted. 

Rudder . — Of 3-16111. galvanised steel plate 
with ijin. galvanised post. Lower end of post 
to have a bearing on end of keel and two straps 
bolted through transom to carry upper part of 
post. Top of post to be squared and a gal- 
vanised iron tiller to be fitted. A steering wheel 
to be fixed on after side of cabin bulkhead and 
connected to tiller with steel wire leads over gal- 
vanised sheaves. 

Rail . — Light galvanised stanchions to be fitted 
round raised deck standing about ift. qin. high. 
Lower ends palmed and bolted through covering 
board and shelf. Rail to be of Jin. galvanised 
steel rope. Small teak rail 2in. high by ijin, 
thick to bo fitted at sides of deck all fore and 
aft. 

Iron keel . — Of about one ton in weight, and 
shajicd as shown on plan, to be supplied. To be 
fastened to boat with Jin. galvanised iron bolts, 
set up with nuts inside. Filling pieces of Eng- 
lish elm to be fitted at forward and after ends 
of iron keel as shown on plan. 

Ballast . — About 2ocwt. of iron ballast in con- 
veniently shaped pieces to be supplied. 

Fastenings . — All to be of copper or brass, ex- 
cept keel bolts, and to be sufficient in number 
and strength. 

Spars . — Masts to be of spruce of length as 
shown on plan, about 410. diameter at deck. 
To be stepped into tabernacles of galvanised 
iron, arranged to allow mast to be lowered. 
Yards and sprits to be of spruce of suitable 
dimensioiis. 

Rigging . — Consisting of forestay and two 
shrouds each side to foremast, and two fore- 
stays and two shrouds each side to mainmast, 
of best galvanised steel wire rope. Shrouds to 
be .set up to galvanised chain plates with rope 
lanyards, rind forestays to have tackles for low- 
ering the masts. Running rigging of best yacht 
manilla as required, with best ash blocks. 
hoops of ash and jaws or travellers for yards 
to be fitted. 

Sails.— To he by an approved maken ;Qf 
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best feotton duck with all necessary thimbles, 
reef ‘points, hanks, sail covers, etc. 

If on wofk . — All iron work for dwk fittings 
and spars to be of best quality and thoroughly 
galvanised. 

Finishing . — Outside of boat to be thoroughly 
smoothed down with glasspaper, and painted 
with three coats best oil paint, finished with 
two coats of enamel of approved colour. Bottom 
of boat to have two coats of anti-fouling com- 
position. Inside of boat below floor boards to 
have four coats best oil pmnt. All bright work 


otftside and in cabins to have four coats best 
yacht varnish. Spars to have three coats best 
yacht varnish. 

Outfit . — Galvanised roller fairlead on star- 
board side of stem head and galvanised fair* 
lead on port side; large mooring bollard for- 
ward; two fairleads aft; all necessary cleats, 
belaying pins, and leads for sheets; small 
windlass of approved pattern ; 451b. galvanised 
anchor of approved pattern ; 20 fathoms fin. gal- 
vanised chain; 15 fathoms manilla warp; large 
ash boathook. 



82ft. Twin-screw Motor Yacht. 


The appearance of this vessel to some extent 
suggests a small and able cruiser or despatch 
boat, owing to her ram bow and typical maii- 
o’-war stern. These features, liowever, were 
adopted with a view to her use in canals and 
inland waters of Holland and Bt lgium, as the 
vessel was designed for ,a well-known Belgian 
yachtsman. The ram bow and sharp stern, 
which giv<‘ the greatest length ov^r all at or 
about the water line, were adopted with the 
object of protecting the vessel when in a lock, 
ns these locks are often very crowded with 
heavy barges and other commercial vessels, 
which, wdien entering, are not too particular as 
to whether they hit another vessel or not. The 
slight ram bow^ will, therefore, take any colli- 
sion forward W'ith other vessels or lock gates 
at a point where it is extremely strong, and the 
siinie remarks apply to the stern. In both cases 
any collision that might occur in this way will 
leave all the ornamental and comparatively 


flimsy upper works untouchetl, taking the force 
of the blow on the main bod\ of the boat. 

The draui^ht <d 5ft. for a vessel of her si/e 
is, of course, very light, but this is necessary for 
th<' waters for w'hich she is designed. At the 
same lime, she has good stability, owing to her 
flat bottom, and is quite capable of any ordinary* 
coast cruising in weather suitable for an ordi- 
nary steam yacht of her tonnage. 

Kxtrenie speed has not been attempted in this^ 
vessel, her power being two ^oh.p. Dan engines, 
which will give the vessel a speed of about 
eight knots. As these engines have* only two 
cylinders each, the enginc'-room is naturally 
very short, although there is ample room for 
the engineers and complete accessibility to all 
parts of the machinery. The total length of the 
engine-room is only loft., but extends for the 
full w'idth of the vessel, with ample fuel tanks 
at each side. 

The crew are berthed aft, and have very good 
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accommodation under a low, raised cabin top, 
which extends right aft from the engine-room. 
There are berths for six men, with a good rAess- 
room, having locker seats all round, in addition 
to which there is a separate lavatory for the 
crew. The other accommodation aft of the en- 
gine-room consists of a two-berth stale-room on 
the starboard side, and a slightly smaller single 
berth state-room to port, with a lavatory and oil- 
skin locker alongside the companion. 7 'hese 
state-rooms are under the same cabin top as the 
crew’s quarters. 

Forward of the engine-room, and under the 
deck-house, is a large double-berth state-room 
for the owner, entered from a short passage 
companion out of the sak)(:>n. On the port side 
is a large bathroom, lavatory, and wardrobe. 
Next comes the saloon, extending the full width 
of the vessel, for a length of loft. It*is fitted 
with ample seating accuniinodalion and a large 
sideboard on the port side forward, with a sofa 
alongside the companion on the starboard side 
aft, and ample loc'ker space. A dcKx* from the 
saloon leads into the ladies’ cabin right forward, 
which is fitted with three berths, tvvi> wardrobes, 
washstand, and dressing table, and a lavatory 
between this cabin and the forward collision 
bulkhead. In addition to this accommodation, 
there is a g(K)d-si;i'ed deck-hou^e, with galley and 
oilskin locker aft, and a deck saloon forward. 
The deck salotm is enter<‘d by means of a semi- 
ofH'ii shelter under the bridge deck, fitted with 
seats on either side, but no doors, the side en- 
trances b(‘ing <.ipen to deck. Tht* deck saloon is 
fitted with table and seating accommodation for 
6-7 persons, with sidebo(irds, lockers, and cup- 
boar^ls, aod leading fvom it is the companion- 
way into the main saloon. 

It will be seen that the vessel is fitted with a 
small schooner rig similar to that usually 
adopted on small steam \achts. She carries 
two boats in davits aft, an iSft. motor launch 
on the starboard side and a 14ft. dinghy 'on the 
port side, 'fhe engine-room under a raised 
steel engine-house, with the usiird skylights and 
large ventilators. On this is a platform for the 
h(‘lmsnian, fitted with steering wheel, binnacle, 
and i’ligiix^-room telegraph, and on the port side 
of this a ladder leads to a small promenade deck 
oij the top of the declv-hoii^e. The lovv cabin 
lop aft foinis a cemvenient seat all round the 
alter deck, and the top of it fi^ems a rwmy deck. 
Forward of the deckhouse ilu're is a large sky- 
light, part of which is over the saloon and part 
over the ladies’ cabin, while forward there is a 
powerful hand capstan. The masts are made to 
lower for passage under the numerous bridges 
on the canals. 

Altogether, the vessel shows unusual accom- 
modation for a boat of her si/e, and should be 
very suitable for Dutch and Belgian waters, or 
for use on the French canals. 

It may be well to mention tluat her owner is 
very fond of winter cruis<^s for the purfx)se of 
wild-fowling, and the deck of the after cabin 


top is well suited for stowing one or two cum 
nihg punts. 

She will be built of steel, in accordance with 
the accompanying specification, with all the 
deck-house work, skylights, etc., in teak. For 
British waters there would be no object in 
having the modified ram bow, and for our coasts f 
— where heavier weather is likely to be encoun-^ 
tered — it would be probably advisable to increase 
the draught to 6ft. 

Specification No. 398* 

Steel Motor Yacht. 

Principal dimensions. — length over all, 82ft. ; 
beam, ibft. bin.; depth moulded, 8ft, 6in.; 
draught, extreme, 5ft. 6in. 

Keel. — Of plate, 2ft. bin. by 3-1610. 

Stem. — Of plate, 4Jin. by §in. 

Frames. — To be 2in. by 2 in. by jin., spaced 
2oin. apart. 

Reverse frames. — To ijin. by i.fin. by 

3-i6in. along top of flcx)rs. To extend to gun- 
wale, in way of mrwhinery. 

Reams. — To b<‘ jin. by 2 Jin. by Jin. on alter- 
nate frames. 

Floors, ’i'o be i2in. l)y IJin., straight on top* 

Outside plaiing.—SUcor si rake and keel to be 
3- 1 bin., the remainder to be lin. 

Dec/?. Deck stringer to be ijin. by 3-16111. 
widened in way of machinery hatch. 

Riveting . — All bulB to have double-rivotcxl 
straps in the inside. Laps to be single riveted. 

Gunwale. — 7 \) be of angle bar, 2. Jin. by 2in. 
by Jin. 

Bulkheads. —Pl'dUng to be Jin. thick and stif- 
fened with angles 2111. by 2in. by 3-ibin., spaced 
30111. apart. 

Keelson.- An intercostal plale centre keelson 
to be fitted and connecuxl to h(‘el plate by double 
anglc.s, 2in. by 2in. by Jin., with continuous 
angles of similar section on lop of floors, and 
connected to the reverse frames and floor by a 
lug. 

Coamings. — Round engine hatch K) be plate, 
2ft. by Jin. 

Steering gear. Hand steering gear, with 
teak wheel, brass Ixiund. 

Capstan - Hand capstan to be .supplied. 

Anchor and chains. -Oiw ijcwt. stcx'klcss 
anchor and 30 fathoms of chain. 

Bollards.-— 'I o be of galvanised cast iron. 

Painting. — V^ess('l to be coated with three coats? 
of iK'st oil paint. 

Woodwork . — D(‘ck to be covered with Kauri 
pine ijin. thick. Cabin flcKirs to be of yellow 
pine I Jin. thick. Deck-house of teak lin. thick* 
'Fhe whole of the cabins to be panelled in pine, 
the sides to be lined half-way up, and any ex- 
posed steelwtn k to be cork-cemented and painted, 
I'he whole of the woodw^ork to be enamelled 
white. 

Deck-house and companion. — ^To be of teak. 

Skylights . — Of teak. 

Stanchions and handrails . — Of galvanise^t^ 
iron, • 
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leather 6f approved 

''i;4iiake, 

; Scuiths, — To be brass bound, 

OutfiL’-^A complete outfit of ropes, mops, 
scrubl^s, etc. 

Stepi tube , — Iron stern tube to be supplied by 
the builder. 

Tde graph , — A telegraph of the reply pattern 
to be supplied. 


Mast and sails, ^A& sho\sfn. 

LovatonVs.— Lavatoi^es, foldin|f 

basips, cupboards, all 4s per plan, / 

Dc Winery .—The vessel to be delivered a float 
and ready for sea, Port of London, 

Boats and awnings , — No boats or awnings are 
included in this specification and estimate, but 
will be supplied as extras to suit owner’s re- 
quirements. 



“Irene It.” the American Motor Yacht that won the Long-distance Bace in 1808 . 
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THE BUILDING OF MOTOR BOATS. 


The preceding article on general principles 
of construction is intended to enable those 
interested in the subject to acquire a good 
general knowledge of the proper materials and 
proportionate scantlings, together with the 
different methods of construction employed for 
each style of boat. 

The present article has for its object the en- 
deavour to explain, so far as is pracicable on 
paper, the Sctual method of building a motor 
boat. It is of course impossible to give instruc- 
tions for all classes of craft, but the craftsman 
who has successfully and creditably built a boat 
on the lines about to be described will no doubt 
be able to construct others to elaborated designs 
without great difficulty. We have no desire to 
touch upon any of the rudiments of carpentering 
or of ordinary boat building, and the possession 
of skill and a certain amount of knowledge and 
experience will therefore be presumed in dealing 
with the subject ; but we will just mention two 
most important items which are essential to 
success and which are often overlooked, especi- 
ally by the inexperienced, namely : — 

Accuracy in Measurement. — Every measure- 
ment must be taken with the greatest care and 
be checked over to avoid any possibility of a 
mistake; nor can one be too particular in plumb- 
ing, levelling, and squaring the moulds, etc., 
when settings up the boat in frame. 

Care of Tools.— 'AW cutting tools for wood 
must be kept projx.'rly ground to an angle of 
about 3odeg., and with a keen edge. ’Tools 
must, never be aWowed U> get blunt, or the cut- 
ting angle get too steep through trying to keep 
them sharp on the oilstone when they really 
want grinding. 

Explanation of Design Drawings. 

^Before describing the process of laying off the 
proposed boat to full size from the small scale 
of the design, we will give a short explanation 
O'f the meaning of the lines as shown in the de- 
sign, and, although this will doubtless appear 
rather super 11 uous to those of our n'aders who 
are professional builders, and, therefore, are 
accustomed to this work, it may be of great as- 
sistance to those who have not worked from a 
design, but would like to do so. In some cases, 
even builders who have proved themselves 
capable of turning out the highest class of work 
on these small craft, are not accustomed to lay- 
ing off their boats from the drawings, although 
they may be first-class workmen, but require a 


full-sized body plan from the designer of the ; 
boat before commencing to build. A complete 
set of lines, or the design, of a vessel of any sor|: 
consists of three drawings, viz. ; — (i) The proif 
file drawing; (2) the hali-breadth plan; and (3)^ 
the body plan. , 

Sheer Plan. ' 

The first, or side elevation, w^hich is" 
known as the sheer plan, shows the vessel 
as seen from the right-hand or starboalt^;' 
side with her bow to the spectator’s right: this ; - 
drawing gives all vertical heights above the, '! 
load water-line and below it, it shows the curve* 
of the sheer or deck line of the boat, and alsd; 
the outline of the stem, keel, and stern both 
above and below water. This drawing also 
shows the curve of the buttock lines, or vertical 
longitudinal sections parallel to the keel. 

Hali-breadth Plan. 

The half-breadth plan is a jilan or bird’s-eye 
view of half the vessel as she would appear if 
turned bottom up, it shows the deck line (which 
was also the sheer line in the first drawing), load 
water-line, or line on which the vessel is in* 
tended to lloat, and all other longitudinal hori- 
zontal sections that may be necessary. A sim- • 
ilar half-breadth drawing of the deck arrange* , 
nient is usually given, as seen when the boat is ' 
right side up, but in many cases, as this con- 
sists solely of the position of the motor and 
seats in the cockpit, etc., it is shown either 
tfd over the half-breadth plan pro/xir, or else it 
is made a part of the construction drawings, , 
which should give details of all the various 
fittings as well. 

Body Plan. 

The third, and perhaps (from the builder’s 
point of view) the most important, drawing of 
tin set is the body plan, which shows all the 
cross sections from which the moulds for, , 
building must be made. In this drawing, 
which is really a half elevation of the forward 
and after halves of the vessel, the sections||i 
forming the fore body of the boat are placed t;<3y !. 
the right of a vertical centre line, while the . 
after sections are shown on the left. On thi§, 
drawing the load water-line (L.W.L.) and all 0 
the other water-line or horizontal sections ar^ 
shown as horizontal lines, and the buttock 
are shown as vertical lines parallel to the ver*;/ 
tical centre line of the vessel. The 
if used, also show as straight lines here. Thar 
only lines showing as curves on the half 4 Mreadtb: . 
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plan are the water-lines and sheer 
line. On the half-breadth plan, the 
cross-sections and buttock-lines 
show as straight lines, at right 
angles to and parallel respectively to 
the longitudinal centre line. ihe 
deck-line, load water-line, and other 
horizontal sections show on this 
drawing with their proper curve 
and shape. In the sheer plan, the 
cross-sections, load water-line, and 
all longitudinal horizontal sections 
(known as water-lines) show as ver- 
tical, or horizontal straight lines. 

Diagonals. 

The diagonals are sections taken 
parallel with the length of the vessel, 
but neither vertical nor horizontal, 
being at such an angle with the but- 
tocks and water-lines as to cut the 
cross-sections at an angle between 
the two, so that, where the curve of 
the section is somewhere about 45 
degrees with the water-lines and 
buttocks, the diagonal will cut it 
more nearly at right angles than 
either of the others would do, thus 
ensuring greater accuracy in the 
fairing up of the design. 

Construction Drawings. 

The construction drawings, as will 
have bt^cn apparent in the various 
examples given in the article on 
general principles of construction, 
generally consist of a similar set of 
tnree drawings to tlie lines; but, in 
this case, the place of the sheer plan 
is taken by a vertical longitudinal 
section through the fore and aft 
centre line of the vessel. This sec- 
tion shows the moulded sizes or 
depths of stem, keel, stern frame, 
floors, and engine bearers, together 
with all internal details of construc- 
tion and fittings. 

Instead of the half-breadth plan, a 
similar drawing may be given of the 
internal fittings and plan of the mo- 
tor with its bearers, etc., and all de- 
tails of the cabin plan, if there 
should be one. One or more cross- 
sections are also given, show^ing de- 
tails of the framing and construc- 
tion of the hull, such as the sec- 
tional form and size of the keel, 
stringers, gunwales, and engine 
bearers, and, in addition to this, full 
particulars are given of the method 
of fixing the motor and any cabin 
fittings where these exist. 

In special cases, where ordinary 
practice is to be departed from in 
any of the parts of the framing or 
fittings, it is usual to give a large 
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scale or full-size drawing- of such parts unless 
the builder is quite clear as to the exact nature 
of the work requited. 

Building a /6ft. Boat 

The design of the i6ft. motor boat which we 
give here is an easy one to build from, as 
there is no hollow in the after part of the gar- 
boards, consequently the greatest trouble of the 
builder is avoided. The lx>at may be built 
either clench or carvel, but, as clench building 
is entirely a hiatter of rule of thumb and man- 
ual dexterity in the shaping of the planks by 
eye ^and experience, it cannot possibly be 
taught, but is only to be acquired after years 
of experience. Therefore, wc will assume the 
boat to be carvel-built of |in. planking (fin- 
ished thickness). In general particulars the 
specification will follow the lines set out 
in a previous page as regards materials 
used, etc. 

Laying Off and Making Moulds. 

If possible, the whole design of the boat 
should be laid off full size on the floor or other 
convenient surface of sufficient size, but, where 
there is no suitable floor or space, the sections 
alone may be laid off on a large board or sheet 
of paper. 

The most suitable type of boat to take tor 
this explanatory article is naturally a simple 
one, not only because less labour and a 
smaller weight of material are involved, but 
because the planks and timl>ers are much easier 
to handle than would be the case in a larger 
craft. We therefore take a i6ft. dinghy, as 
shown in the accompanying designs (Figs, i 
and 2 ). Such a boat would be quite suitable for 
a yacht’s dinghy, or for a knockabout boat. 

In laying off from the small scale design, 
the floor, board, or paper must first be marked 
off with the various water-lines, etc., as shown 


in the design, and the utmost accuracy must be 
employed to ensure that this basis of the work 
is correct. Taking the body plan (or sections) 
first, a vertical centre line should be drawn 
down the middle of the space on which the 
work is to be done; then, at right angles to 
this, draw’ the load water-line (L.W.L.) in such 
a position that there will be ample room for 
the whole of the sections on the space avail- 
able. The rest of the water-lines should now 
be placed in their proper places, the greatest 
care being taken that they are correctly spaced 
apart, and are [XJrfectly parallel to the L.W.L, 
and are square to the centre line. The buttock 
lines, or vertical longitudinal sections parallel 
to the centre) line, must now be put in as verti- 
cal lines on each side of the centre line, care 
being taken that they are exactly parallel to 
it, the proper distance apart being observed. 
Having all the working lines laid out, and care- 
fully checked to avoid any possibility of error, 
we are now ready to lay off the sections. Start- 
ing with No. I from the stem, take the height 
of the sheer line off the sheer plan (or profile 
drawing), and set it up from the L.W.L. ; then 
from the body plan (checking its accuracy by 
the half-breadth plan) take the half-breadth on 
d<xk at this section; where these two measure^ 
ments intersect is the highest point in the sec- 
tion to be laid off. Next set off from the centre 
line, on the L.W.L., and all the other water- 
lines, the half-breadths as shown on the body 
and half-breadth plans, bearing in mind the 
fact that, where the offsets (or distances from 
the centre line) in the body plan^^ and half- 
breadth plan do not agree exactly owing to 
errors in the drawing, that measurement is 
most likely to be correct which is taken at the 
greatest angle to the section. That is to say, 
if the water-lines in the body plan cut the seo 
tion at a very small ang^le, the point of intey* ; 
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section Is much more indefinite than it would 
be where the ang^le is greater. Consequently 
in such cases it is safer to trust to the offset 
on the water-line in the half-breadth plan than 
that on the buttock line in the body plan which 
cuts the section at such a fine an^le as to make 
the point of intersection indefinite. The rule 
that must be observed throughout the laying 
off is, always place more vmue on measure- 
ments taken from the intersection of lines as 
nearly at right angles as possible than on lines 
crossing at a small angle. It may be said 
that, if the drawing be properly made, there 
should be no differences in the offsets of any 
given section, whether they are taken from 
the half-breadth, body, or sheer plans. Theor- 
etically, this is obviously correct, but in practice 
not one drawing in a hundred, or, we might 
say, not one in a thousand, coincides exactly 
in every point, as it is practically impossible to 
avoid some slight errors when working to such 
a small scale, and, even if the error be only the 
thickness of a line in the design, it may mean 
an eighth of an inch or more when laid off full 
size. 

The Use of the Batten. 

All the offsets in each section must be laid 
off in the manner just described, and a flexible 
batten bent round so as to nearly touch each 
intersection spot, as marked on the water-lines 
and buttocks. It can either be held in position 
with^ weights or with fine wire nails, while a 
line is drawn round it passing as nearly as pos- 
sible through all the spots. When fixing the 
batten, great care must be taken that it bends 
in a perfectly fair curve throughout; if it will 
not do this without missing some of the spots, 
the offset should be checked over again to find 
out the error, and if no mistake be found in the 
measurements, the batten should be worked so 
as to go just inside one spot and outside the 
next until there is obtained a fair curve which 
will approximately pass through all the spots. 
It must be distinctly understood that all the 
curves, whether of sections, water-lines, or but- 
tocks, must be perfectly fair and true through- 
out, and if a bad error appears to occur between 
the offset and the fair curve of the section, it 
is almost certain to be in the measurement of 
the offset from the design. 

The Stem Curve. 

Having laid off all the sections and the tran- 
som in accordance with the foregoing instruc- 
tions, the curve of the stem should be laid off in 
a similar manner and moulds made to the shape 
of the stem and each section. These moulds 
should be made of any common wood of about 
fin. in thickness. The mould must not be the 
full size of the section, as there is the thickness 
of the planking to be taken off, the design 
being usually made to the outside of the plank; 
the thickness of the planking must therefore be 
marked off at about every six inches or so all 
round each section, and another line drawn in- 
aide and parallel to the cprve of each section. 


Marking Off the MauMa* 

The simplest and most convenient method 
of marking off the moulds, in accordance with 
the laying off, is to lay a lot of tacks on the 
full-size drawing with their heads about two 
inches apart exactly on the line of the inside of 
the planking. Then place the piece of wood 
from which the mould is to be cut over the line 
of tacks, and give it a few blows with a ham- 
mer to drive the edges of the tack-heads into 
the wood; on turning it over a line of dents 
will be found coinciding with the curve of the 
section on the body plan, and the mould can be 
cut to this line, planing the edge carefully till 
it exactly fits the drawing. The best plan is 
to make the moulds in two pieces, each of 
which is a duplicate of the other, forming the 
two sides of the complete mould. These half- 
moulds arr firmly braced together with cross- 
ledges at the L.W.L. and at the iCVel of the 
sheer line, care being taken to keep these cross- 
ledges exactly square with the vertical centre 
line, which, with the sheer line and L.W.L. , 
must be accurately and plainly marked on both 
moulds and cross-ledges. Each mould should 
also be plainly numbered. 

Preparing the Floor. 

As soon as the moulds are completed, the 
floor should be prepared for setting up the 
frame by drawing a central straight line ex- 
tending for about a foot beyond the length of 
the boat at each end. In the case of the i6ft. 
motor dinghy, the centre line should therefore 
be about i8ft. in length. Along this line 
the positions of the various sections must be 
marked off, starting from the fore side of the 
stem, and marking off the sections every two 
feet, as that is the distance they are spaced 
apart. At each of these points a line must be 
drawn across the centre line, for rather more 
than the half-breadth of the boat at that sec- 
tion, on each side of the centre line, and accur- 
ately squared, so that it is at right angles to 
It. It IS as well to mark off the half-breadths 
on either side of the centre on these section 
lines and run a batten round the spots to see 
that they are fair and correct before erectine- 
the moulds. ^ 


setting Up the Moulds. 

T^e ’midship mould should be set up first 
and as most of these small boats are nowadays 
built bottom up. the mould should be fixed that 
way with the upper part (the bottom of the 
boat) about three feet from the floor, which will 
be about the most convenient height to work at. 

In setting up the moulds, a central strut is 
hrst erected on the floor, with one edge exactly 
on the centre line, and one side on the cross 
line of the section on the floor. In the case 
of a boarded floor, this strut is fastened down 
by means of a stout chock or cleat nailed to 
the floor and to the upright strut, holding the 
latter firmly in glace (in case the floor is only 
earth, then these struts are driven in as stakes, 
the centre line being represented by a tightly. 
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stretched string). The two sides of the mould 
hoire oach a similar post or strut attaching them 
to the floor. Before fixing the mould to these 
struts, the central one must be carefully 
plumbed upright both fore and aft and 
athwartships ; the mould is then nailed to it 
with a single nail near the top of the strut, and, 
when the mould has been properly levelled 
along the straight edge of the sheer bottom, 
it can be securely fixed to the central and both 
the side posts. Fore and aft diagonal stays 
must be fixed from the floor to the centre post 
to keep it and the mould upright. The rest of 
the moulds must be erected and fixed in place 
in a similar manner, every care being taken to 
ensure accuracy in spacing, squaring, and 
plumbing each one as it is set up. 

Regarding the spacing of the moulds, which, 
although some £in. in thickness, ar% shown as 
a line on ^he drawings ; it is usual to fix the 
’midship mould and all those forward of it 
with their fore edges on the section line, whilst 
those moulds abaft the centre have their after 
edges on the section line. This necessitates 
the ’midship mould and the one next abaft it 
being closer together by the thickness of the 
mould than any of the others; but the object of 
this alteration in the spacing, from the fore side 
to the after side of the mould, is to allow for 
the angle which the side of the boat makes with 
the mould, and which otherwise would have io 
be bevelled all round to enable the planking to 
touch both edges, whereas now only the fore 
edge of the forward moulds and the after edge 
of the after moulds touch the side of the boat. 

Keel, Stem and Transom. 

JiVhile the moulds were being set up, the keel 
and stem should have been got ready, cut to 
shape, scarphed and bolted together with a 
brush of thick paint in the joint. The transom 
should be fitted to the keel, and secured to it 
by means of the stern knee. Care must be 
taken that the stem and transom, w'hen at- 
tached to the keel, are square with one another, 
and not, as we remember in the case of our own 
first attempt, one with a list to starboard and 
the other over to port. 

The keel, stem and transom should all have 
the centre line clearly marked on both sides, 
and the positions of each section squared across 
the keel on top and bottom. The widths of the 
keel at each section must be measured off and 
marked on their corresponding moulds, which 
should have a piece cut out to exactly fit the 
section of the keel at that point. The keel may 
now be fitted over the moulds and fixed in place 
after the rabbet has been cut, the stem and 
transom being well secured to the floor and 
roof, their centre lines being first carefully 
plumbed upright. It is usual to cut the rabbet 
in the keel and stem as soon as they are 
scarphed and bolted together, but the final fit- 
ting of the rabbet should be left until the whole 
frame is in place, when it can be faired up with 
battens over the moulds. 


Cbeckiog^ 

As soon as the moulds, keel, stem, and trad?' 
som are all in place, all the moulds must, ^ 
most carefully checked over, and all meai^r^ 
ments verified to ensure accuracy. 
should then be secured to each other and to th# 
stem and transom by fore and aft braces froai 
the outer ends of the cross battens at the sheef 
line on each mould, and the distance from thet 
centre line of the after side of the stem to th^ 
outside of the first mould at the sheer lino 
should be carefully checked on both sides, to 
see if it is square with the centre line, the same 
thing being done at each of the others. A pair 
of stout battens about lin. by jin., tapered to 
iin. by jin. in the last two feet of the fore ends, 
should be bent round all the moulds at the sheer 
line, and well fastened with ijin. wire nails to 
each mould, the transom and the stem, the fore 
ends of the battens being let into the rabbet of 
the stem, as if they were part of the planking. 

In addition to these sheer battens about four 
other lighter battens of, say, jin. by fin., should 
be bent round over the moulds from 
end to end of the boat, to show any 
unfairness in the moulds. If these bat« 
tens touch some of the moulds and miss 
others, it is probable that some of them 
are not quite in their proper places, or are in- 
correct, consequently all the measurements 
must be gone over to find any error, and, If 
none can be found, the mistake must be in the 
moulds themselves, and they must be altered 
until all the battens lie quite fairly on the 
moiildv. touching every one. 

A Caution. 

VVe w'ould here warn the builder against 
cutting away anything from the outside of the 
moulds until there can be no possible doubt 
that it is the mould and not the setting up that 
is wrong, as such alteration of a mould cannot 
afterwards be rectified. An apparent unfair- 
ness of the battens is also due sometimes to 
some of the battens themselves being unfair, 
or through the ends being “pinned,” while 
the centre is too slack, thus causing it to buckle 
unfairly. All battens should be laid over the 
moulds, the middle being fastened first, and so 
on to each end. 

Marking Off the Keel. 

Supposing the moulds to be all faired up and 
the rabbet in stem and keel to be cut out tol- 
erably near the correct depth and angle, the 
keel should now be marked off for the heels 
of the timbers at their specified spacing, care 
being taken to avoid the moulds when spacing 
out their places. As the length of the gufu- 
wales must always be greater than that of the 
keel, it follows that at the bluff of the bow on 
the gunwale the timbers must be spaced further 
apart than at the keel. 

A wedge-shaped notch must be cut out of tlie 
back rabbet at each timber station exactly cor^ 
responding with the width and depth of the 
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timfeer on the outef edge of the jjeel or stem, 
^ but tapered off to nothing in depth at the inner 
edge of the rabbet. 

Timbering. 

All is now* ready for timbering, and the Ameri- 
can elm timbers having been planed up to the 
correct width and depth must be steamed until 
they are quite pliable. They are then taken out 
of the steam kiln, the end cut to fit the tapered 
notch in the keel, into which it is driven, and 
lightly tacked if required, being afterwards 
bent up till it fits tightly, but fairly, under the 
battens or ribbands on the moulds; this is con- 
tinued until the whole of the timbers are in 
place, tacking each one to the sheer batten and 
any intermediate battens as may be requisite. 
As the timbers soon get cold and lose their 
pliability, there must be no loss of time in con- 
ve);ing them from the kiln to the boat and 
fitting them. 

Pianking. 

As soon as all the timbers have got cold, 
and set in their places, the fir^t plank may be 
fitted, and, as this fitting is the greatest diffi- 
culty to be overcome in building a boat, it may 
not be out of place to describe it for the bene- 
fit of those who have never built a boat before. 
The first thing to do is to divide the edge of 
the ’midship mould in accordance with the 
number of planks aside (in the present case 
nine). . The width of these planks should be 
greatest next the keel, gradually decreasing to- 
wards the turn of the bilge, where they should 
be narrowest, again widening slightly towards 
the top strake. Always keep the planks nar- 
row where the curve of the mould is sharpest, 
otherwise great difficulty will be oxfx?rienced in 
maintaining fair sectional curves. 

The stem rabbet and transom must next be 
divided into the same number of parts as the 
'midship section, so that all the planks will finish 
at the stem of the same width. 

This is most important, as nothing looks so 
bad as a lot of unevenly-spaced planks up the 
stern rabbet. On the transom, especially below 
the turn of the bilge, this is hardly so impor- 
tant, as the curve of the moulds must be con- 
sidered, and the width of the planks varied ac- 
cordingly, keeping those above the bilge as 
even in width as possible. 

Tbe Oarboard Strake. 

The method of fitting the garboard strake, 
or plank next the keel, is as follows: — A thin 
fiat batten about three or four inches in width 
and 9 or loft. in length is roughly cut to fit 
the rabbet, when it is bent into place over the 
moulds. It is next fixed to the moulds by 
means of three or four tacks, and the edge next 
the rabbet is then marked to corresporid with 
the exact curve to which it is to be fitted. This 
is done by drawing a number of parallel pencil 
lines across the keel and batten at right angles 
to the centre line of the boat. These lines are 


not at right angles to the rabbet at tl^e cum 
of the stem, but remain parallel to the line* of 
the moulds. The reason this is that, on the^e 
lines, the distance from the edge of the batten 
to the back of the rabbet is set out with a pair 
of compasses or dividers, set to the greatest 
distance between batten and rabbet, and pricked 
off on each of the cross-lines, the other leg of 
the compasses being placed on the edge of the 
rabbet where the line crosses it. By tms means 
the distance is marked off at each cross-line, 
and when the batten is cut to these spots it 
should fit the rabbet fairly well and only need 
a little planing to make a good joint, the bat- 
ten being removed from the moulds to be fitted 
and refastened in place when finished. As soon 
as the first part is ready, another similar batten 
must be fitted to the other end of the rabbet, so 
that the two battens overlap each other about 
2ft. amidships, and when both paries are correct 
they are nailed together where they cross, so 
that when removed they form one complete 
mould of the garboard strake. 

This mould or batten is laid oh a piece of the 
wood prepared for planking the boat, and a 
pencil-line drawn round the fitted edge, which 
may then be cut to shape. The width of this 
plank is determined by the widths set off on the 
centre mould, stem, and transom, which are 
marked off on the plank at their respective 
points; a stiff square-sectioned batten is then 
bent through these marks, and another line 
drawn to mark the outer edge of the plank 
away from the rabbet. The plank is next sawn 
out to the pencil-lines, leaving i-i 6 th in. of 
wood outside the lines for fitting; it is then 
offered up in its place and held with cramps 
while fresh “ spilings,” or compass distances 
from rabbet to the edge, are set off as before, 
unless it be already a fairly good fit. As soon 
as this is the case, the whole of the rabbet 
must be chalked and the plank again offered 
up and driven into place. The plank is then 
removed and the chalk-marks planed off with 
a fine plane, and the process repeated until the 
}>lank fits perfectly throughout its length. It is 
a tedious job, but one that must on no account 
be hurriedly d<aie. 

Other Planks. 

With the rest of the planks a somewhat simi- 
l.ar process is gone through, except that a single 
long batten is used, and the distances between 
it and the edge of the last plank marked on, it 
at each cross-line. In bending these “ spiling" 
battens over the moulds care must be taken that 
they lie flat and fair on the moulds through- 
out their length, as any forcing or buckling of 
the batten will only end in distorting the shape 
of^ the plank to be cut. 

The garboard strakes are the most difficult 
planks to fit in the whole boat, and if they be 
a good job, there should be little difficulty in the 
rest of the planking, anyone having sufficient 
skill to successfully tackle the first would cer- 
tainly be able to manage the remainder. 
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Thfi Laag ** Spiling Baitea^ 

On this long batten the distances between it 
end the edge of the j^nk just fixed are written 
down at short intervals, not pridked off with 
compasses as at first, and afterwards being set 
off on the wood for the plank. In bending a 
‘Spiling* batten over the moulds, great care must 
be taken to ensure its lying flat and fair over 
them throughout its whole length, as any buck- 
ling or twisting caused through forcing it side- 
ways or endways will only end in distorting the 
shape of the plank to be cut. 

When using this batten, it should be laid on 
the wood to be cut and lightly tacked down as 
before, but as the distances from its edge to 
that of the fixed plank were written on it in- 


many boats are spoilt for want of proper kno^/ 
ledge and care in fitting* the seams, even whW* 
built by firms who claim to be good builders^ 
that we feel the necessity for due care in 
details cannot be too much emphasised. 

Careless Methods^ 

As an instance of this, we were shown t 
launch the other day which had been built by a , 
much-advertised firm for shipment abroad, Sho 
was carvel-built of teak, and was brightly var* 
nished; a lot of the usual stock pattern bra.^ 
fittings were stuck about all over her, presum- 
ably to take the eye and prevent one from notic- 
ing the fitting, or absence of fitting, in the 
seams, and especially in the plank ends at the 
stem. Here, instead of the end of each plank 
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stead of being pricked off with compasses, they 
must now be set olf from the edge with a rule, 
forming a series of spots through which the line 
if to be drawn to mark the edge of the new 
plank. The width of the plank at each end 
and amidships is set off as before, and a batten 
bent through the spots to give the curve of the 
outer edge.” The plank being cut out and planed 
up to the lines, it must be tried up in place and 
roughly trimmed, with a final fitting afterwards, 
using chalk on the edge of the fixed plank. Any 
full places on the edge of the new one will thus 
be marked until it fits throughout its length, 
and consequently shows the chalk from end to 
end. From each plank, as it is fitted, a dupli- 
cate should be marked off for the other side. 

We have, perhaps, gone to an apparently un- 
necessary length of detail in describing the best 
method of fitting the planks, but the fact is, so 


fitting close to the edge of the rabbet and form- 
ing a narrow fair line of even width all up tfie 
stem, the top of one plank would be touching 
(he rabbet, while the bottom, two inches lowpr 
down, was nearly 3-i6th in. away, the gap beidg 
filled up with brown putty. The seams were 
nearly as bad, and in many places one edge was 
standing out beyond the edge of the adjoining 
plank, 'the inequality in the surface being 
smoothed over with a charitable cloak of putty. 

A ContrasU 

As a contrast to this, we saw elsewhere an- 
other launch of about the same size and thick- 
ness of planking, but instead of a stem rabbet 
like an old saw, every plank was an exact (if 
wood to wood, and the rabbet would hardly have 
been perceptible if it had not been for the diff^f- 
ence in colour of the stem and planking. In th}« 
case the boat was just laid up after Her secciffidl 
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of hard use, and yet it was almost ira- 
^*possible to get the point of a knife into a seam 
anywhere. Such work is a credit to the builder, 
and in the long run an economy to the owner, 
as, though he pays a bit more in the first in- 
stance, he has no repair bill, and if he keep 
his boat up properly he can sell her at the end 
of a couple of years for a much higher price in 
proportion to that which could be obtained for 
the so-called “ cheap ” rubbish, which can only 
be compared with some of the American-built 
motor boats with which the British market was 
inundated a few years ago. 

From the foregoing contrast of two dilTercnt 
classes of building we think it must be obvious 
that if we are to keep up this country’s reputa- 
tion of having the finest boat builders in the 
world, we must not encourage the cheap and 
nasty class of bad work and poor material which 
only finds a market owing to the fact that many 
motor-boat owners know nothing of boats or 
boat building. Among yachtsmen there is not 
the same danger of being imposed upon, as they 
are usually men of considerable experience, who 
insist on good work, and are willing to pay a 
fair price for it. 

Finishing the Planking. 

To return to our planking, we will take it for 
granted that the work is to be high-class and 
that no trouble is to be spared to make every 
seam a perfect wood-to-wood fit. For this kind 
of seam no caulking is required if the tirnbers 
be spaced closely together, and all that is re- 
quisite is a brush full of thick varnish along 
the edges of the two planks as each one is 
finally fixed in place. 

Turning over and Preparing Gunwales. 

When the planking is completed the boat must 
be turned over with the moulds still in her, and 
set up on stocks to finish off, where she must be 
securely fixed with struts from the roof to both 
stem and stern. Before removing the moulds 
the gunwales should be planed up, steamed, and 
bent round the boat outside the planking and 
held in place while setting with a few cramps. 
Light battens, known as cross spauls, must be 
fixed across the top of the boat with cleats 
nailed to the ends to grip the outside of the top 
strake between each mould, so as to prevent the 
boat spreading or going out of shape in any way 
when the moulds are removed. 

Fastenings. 

The moulds may now be taken away and the 
fastenings through planking and timbers 
clenched off, either on roves or else by cutting 
the nail-ends to within an eighth of an inch oi 
the wo^ and turning them over flush into the 
face of the timbers. Clenching on roves is the best 
job for heavy work, but experiments have proved 
that a nail properly turned on the timber will 
pull its head through the plank before the clench 
will draw. This is an item on which a small 
saving in labour can be made without any detri- 
ment to the boat if she, be for river or light sea 


use, but clenching on roves is tb« best method 
If the boat is to be beached or likely to undergo 
a lot of knocking about. 

The fastenings being completed, the gunwales 
should be put in and through fastened at about ' 
every other timber. A substantial breast-hook 
and a pair of quarter knees must be fitted to tie 
the ends of the boat, and these must be well 
fastened with at least three through fastenings 
along each arm, clenched on roves. As the gun- 
wales are placed inside the timber heads a space 
will be left between them and the planking be- 
tween the timbers, and as this would look un- 
sightly if left exposed, it is covered with an 
American elm capping or rail which extends 
just beyond the gunwale on the inside and pro- 
jects nearly its own thickness beyond the plank- 
ing on the outside of the boat, forming a half 
round nosing or rubbing piece. This is not fitted 
till the boat is nearly finished, bul? we mention 
it now as we are on the subject of fitting the 
gunwales. 

Floor Frames. 

The floor frames should be next got out, 
light templates or patterns being first cut out 
of thin wood and fitted at each floor station, 
the floors themselves being cut out by these 
patterns, not forgetting to cut a water course 
or limber hole on each side next the keel. They 
are afterwards fitted down into place with 
chalk in the same way as the planking, and 
through fastened in the centre with stout copper 
nails right through the keel, lighter through 
fastenings being used at each plank, all 
clenched on roves. The greatest sectional 
area in the floors will be where they are joggled 
over the keel, from which they should taper off 
to little more than the size of the bent tirrtbers 
at the ends. The latter should extend well up 
to the turn of the bilge, and the bilge stringer 
should be worked over them, being fastened 
through the end of each floor and also through 
every alternate timber ; the stringers, like the 
floors, should taper at the ends. When the 
floors and stringers are fitted and fastened the 
engine bearers should bo got out to a template 
in a similar manner to the floors and joggled 
down over the floors and timbers on to the skin 
of the boat. They must not be forced in any 
way or they will probably pull the boat out of 
shape; limber holes must be cut in the under- 
side of each bearer before it is fixed in the 
boat. A coat of varnish should be put on the 
under-sides of the bearers, floors, and stringers, 
and on the planking where they touch it, be- 
fore they are finally fastened; in fact all joints 
should be painted whenever they are fitted and 
ready to be fastened. 

Engine Bearers. 

Great care must be taken in fixing the engine 
bearers to ensure their being exactly parallel 
to and equidistant from the centre of the keel, 
also to see that they are vertical and not lean- 
ing to either side or wider apart at the lop than 
at the bottom. They should be throuc^h fas 
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tened at the ends and over as much of their 
length as the depth will permit ; for the rest of 
their length they must be closely screwed from 
the outside of the planking. One or two pairs 
of light knees of wood or metal may be fitted 
alongside them on the floor frames just 
abreast of the motor, unless they have diagonal 
struts from the top of each bearer to the 
stringer as shown in the construction drawing 
of the racing launch on page 2fi. 

The false keel, if not already in place, must 
now be fitted and well bolted to the main keel 
every lo or 12 inches, the joint between it and 
the under-side of the keel being well varnished 
as just described. 

Stern Tube Chock, 

Tht tapered chock for the stern tube should 
go in next, and must be most carefully fitted and 
bedded dowr^on the keel in a thick coat of red 
and white lead. It must be well bolted through 
the keel every five inches on each side, leaving 
sufficient space for the stern tube between the 
fastenings. It will be noticed that the com- 
plete construction drawing of this boat (Fig. 2) 
shows the stern tube chock in one piece with 
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the after-part of the keel, which is scarphed to 
the main piece just underneath the stern tube, 
the main keel and tlic part corresponding to the 
false keel being in one pif'Ce. 

This is not such a simple method as that pre- 
viously described and illustrated in the detail 
sketch of the stern tube (Fig. 4). * 

The stern tube in this boat runs right through 
from the stuffing box inside the boat to the 
skeg in one piece, and is attached to the lattei 
cither by screwing it into the skeg direct or else 
bv means of back nuts on the tube on each 
side of it. The latter method is the simplest, 
and the one usually adopted. 

Thwarts and Seats. 

A light flat ribband or rising must be bent 
round and fastened on the face of the timbers 
at a suitable height, to carry the ends of the 
thwarts and the side benches, which may now 
be put in and secured with the usual knees at 
each aide. 

The Deck. 

The boat is now nearly completed, so far as 
the boat-builder’s work is concerned, all that re- 
mains to be done before she is ready for the in- 
stallation of the motor being the deck, flooring, 
and a light bulkhead at the after-end of the 
deck. 


Of these, the deck should be taken next| 
the deck beams mu.st be cut out of oak or J 
suitable wood to the correct sweep, the after, 
main, beam being of stouter scantling than th<i , 
others. 

The ends of all the beams should be dove- 
tailed into the gunw'ales, otherwise they are not 
tying the tw’o sides of the boat together. If 
the deck area be large in proportion to the boat^ 
the beams should not only be dovetailed, but 
all main beams, such as ihose at bulkheads or 
at the ends of hatchways and other openings, 
should have horizontal and vertical knees 
(“ lodging ” and “ hanging” knees) fitted at 
each end. Such knees greatly increase the 
strength of the hull to resist twisting and 
crushing strains. The upper surfaces of the 
deck beams and the gunwales must be thor- 
oughly faired up by means of a batten laid 
over them in every direction, all lumps being 
plant'd as they are found, until the batten lies 
flat, touching every beam, etc. 

'J'hc deck should be laid in narrow planks 
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t.'ipering towards tlie stem. The centre, or 
“ king,” plank is laid first in the present in- 
stance, and is wider than the other planks; it 
may be of mahogany to form a contrast to the 
lest of the deck ])lanks, which should be of 
yellow pine or Kauri pine, carefully picked and 
free from any sort of mark or discoloration. 

All dexks should be secret nailed, and th6 
method of doing this is clearly shown in Fig, 
5. The king plank is first skew-nailed to the 
l)enms on both e<Iges, the nails being punched 
well inside the edge of the plank, then a plank 
is laid alongside it and nailed horizontally right 
through its width into the edge of the king 
plank, the nails being kept just below the centre 
of the plank to allow room for the caulking. 
The outer edge of the second plank is now 
skew-nailed to the beams, and the process re- 
peated until all the planks are fastens in place. 

On reference to the construction drawing 
(Fig. 2), it will be seen that the deck planks & 
not run right out to the side of the boat, but 
surrounded by the capping or covering boat’d 
which runs right founc^ the sides of the bodt, 

c 
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o1?cr the planking and gunwide. The outside 
^of (he deck planking must be trimmed fair to 
the line of the inner edge of the capping, the 
forward portions of which should not be fixed 
until after the deck is laid. With a yellow 
pine deck and mahogany king plank, mahog- 
any capping and coamings look best. At the 
stern, a similar short deck may be fitted be- 
tween the transom and the backboard, or alter- 
natively a grating, as shown in the present boat. 

Pioorittg, 

The flooring is such a simple piece of carpen- 
tering that it needs no further description. It 
is laid on pine cross-bearers spaced about 12 to 
i8in. apart, and* the only operation that re- 
quires any skill is the levelling of the top sur- 
faces oT these bearers. A grating floor at most 
always looks better than anything else, 
especially for yachts’ boats, but it is very ex- 
pensive to make on account of the labour in- 
volved; therefore, in most cases, a plain pine 
floor is fitted and covered with linoleum. 

Bulkhead and Accessories. 

A light bulkhead of i inch cedar should be 
fitted at the after-end of the fore-deck, with a 
doorway of suflicicnt size to allow the petrol 
tank to pass through it, but, before it is fixed, 
the bearers for the tank should be fitted and 
secured in their places, as it is often difficult to 
do this satisfactorily after the bulkhead is in. 
I'he keel and stem bands and the usual acces- 
sories and deck fittings such as fair leads, 
mooring bollards, flag-staff sockets, rowkx^ks, 
etc., etc., should be fitted before the motor is 
installed, but the rudder and steering gear, such 
as the wheel, with its wires and leads, may be 
left until the motor is in place. If intended for 
use as a yacht’s boat, a wheel need not be fitted, 
as a tiller is all that is required ; but, in addi- 
tion to the fittings just enumerated, a pair of 
sling bolts must be supplied to enable her to 
be lifted on davits. 

Shaft Line, 

The centre line of the shaft should be pro- 
longed on the drawing, until it touches the 
hack of the stem inside the boat, and outside 


the boat it must be produced aft to interseot 
vertical line dropped from the centre of the top 
of the transom. We have thus obtain^ two 
fixed points in this line on the drawing 1^ 
which we can easily ascertain the correspond- 
ing positions of similar points in the actual 
shaft line cn the boat. Two intermediate 
points must also be marked on the drawing, 
one just forward of the stern tube chock inside 
the boat, and the other about a foot aft t)f^ 
where the centre line comes outside the ked, as“* 
shown in Fig. 6. 

These points will be marked on short vertical 
pieces of wood nailed alongside the centre line 
on the keel, so that a line stretched from the 
point marked on the inside of the stem and 
passing through the point on the piece of wood 
fixed to the keel will indicate the exact centre 
of the :ihaft line on the fore-end of the stern 
tube chock, and a similar line Atside, taken 
from the point marked on a vertical batten at 
the centre of the after-side of the transom 
through the point on the other piece of wood 
on the keel, will give us the place where the 
centre of the shaft line cuts the outside of the 
keel. 

Boriag the Hole. 

In the present case, the hole may be com- 
menced either from the inside or outside of the 
boat, and it should be bored first with an auger 
several sizes smaller than the external diameter 
of the stern tube, taking every care to keep 
the auger exactly in the line required, and, if 
necessary, working from both outside and In- 
side till the two holes meet in the centre. When 
the auger hole is bored, a line must be tightly 
stretched from the centre mark on the stem, 
through the hole, to the mark on the vertical 
batten at the stern, to which it should be made 
fast. This line should be exactly in the centre 
of the two ends of the auger hole in the stern 
tube chock, if the foregoing instruction, s have 
been carefully carried out ; and by looking 
along the line through the hole' it will be at once 
apparent if the latter be true or not. 

A boring bar with a cutter set to the exact 
diameter of the stern tube must be used to finish 
the hole and make it perfectly true throughout 



Fig. 6.— Method of setting ont shaft line. 
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This boring bar is usually a piece 
^ rod or tube of slightly less diameter than 
UiO preliminary auger hole, and rather more 
than double the length of the stern tube. It is 
screwed with a gas thread for about half its 
length, and at the inner end of the thread a 
narrow slot is cut through the bar. In this slot 
a small steel cutter is firmly wedged, and can 
be adjusted to bore holes of various sizes. Sev- 
eral of these slots are generally cut in the bar, 
and a cross handle is fixed to the other end of 
the bar; the screwed end is fitted with a nut in 
the form of a fiat plate which can be screw’ed 
on to the forward end of the stern tube chock. 
The device is shown in Fig. 7. The boring 



bar is now run through the auger hole after 
removing the line, and the screwed end entered 
into the plate or nut at the other end of tlu? 
hole, the cutter remaining outside until a guide 
block has been fixed to carry the weight of the 
bar and keep it exactly in line. If the bar be 
now turned so as to screw it into the nut plate, 
It is obvious that the cutter will be slowly 
brought in contact with the end of the hole, and 
then carried through it, cutting a Larger, and 
perfectly true hole (see Fig. 8) as it is screwed 
through the plate. 


•Jt, ly-Sv 

Checking* 

As soon as the boring bar has been througli 
the hole, it and the guides should be removed^ 
and the centre line "again stretched from 
end marks at stem and stern. Should there wfr 
any slight discrepancy betw^cen this line and 
centre of the hole, the line may be moved until it 
and the centre of the hole correspond, but Ifi 
through careless or bad workmanship, the end 
marks are now much out of the line of the hole, 
it will be necessary to carefully check all the 
measurements of propeller and motor to see H 
there be rcK>iTi to fit the machinery on the new 
line. If badly out, a new chock must be fitted, 
The pattern for the propeller bracket, or skeg, 
and rudder post should now be made, and tri^ \ 
in place to enable the pattern-maker to locatei 
the exact centre of the shaft line on the pattern, 
by means of the line through the boat, which 
has been previously described. The pattern 
can then be completed, and the sk<;g and rud- 
der post cast in one piece, wn’th a hole in the 
skeg to take the after-end of the stern tube in 
the present instance; or, if the stern tube does 
not project beyond the keel, the hole would then 
be cast considerably larger than the diameter 
of the shaft, plugged with lignum vitae, and 
bored to the correct size. 

Finishing. 

The only work now remaining to be done by 
the builder is the painting and varnishing, A 
high-class boat should receive at least four to 
six coats of the best Ixxly varnish inside and 
out. 'J'he bottom insid<' should be coated with 
thre(‘ coats of brown oxide paint below the 
llooring. Outside, if it is not varnished all 
ov(‘r, as in the case of most yachts’ boats, it 
shoiiid be eoatf'd with best white-lead painf, 
well rubbed down and stopped, and over that a 
couple of coats of white faianu*! or Blake’s grey 
racing compound. Another excellent prepara- 
tion for the bottom of a boat intended to be 
alloat is copjicr-bronze powder dusted over var- 
ni;.h wliicli is “tacky,” or nearly di'y, and tO 
which it will adhere. Two coats of this copper 
will give an excellent anti-fouling surface. 

The remainder of the work of installing the 
motor is really a fitter’s job, and does not come 
under the he^ad of boat-building ; it will not, 
th('refore, be touched upon here. 
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THE PRINCIPLES OF DESIGN. 


INTRODUCTORY. 

Twenty years ago only a few of the builders 
of small craft had any real knowledge of de- 
signing, some of them, especially in the more 
remote coast ports, being quite unable to under- 
stand the meaning of the various lines employed, 
whilst a larger pioportion, even if they under- 
stood a drawing, were quite incapable of getting 
out even the simplest design for tlienist Ives. 

Nowadays nearly every dinghy builder has 
some sort of an idea of designing his own boats, 
or, at any rate, know\s enough to lay oft a boat 
full size on the floor from a small scale drawing, 
and, in many cases, our small boat ow'ners arc' 
also clever designers, more especially those who 
are keen racing men in the small sailing classes 

As an instance of the total ignorance of the 
meaning of the lines on a design, a case may be 
mentioned which occurred about tlniioen years 
ago. The writer wished to get a rough cruisci 
built by a coast builder not far from the mouth 
of the Thames. The man had a good reputation 
as a builder ot lishing boats ; in fact, he had won 
a medal for his boats at one of the exhibitions. 
When shown the drawmig he looked at it tor 
some time, and then, shaking his head, [X)intcd 
to the buttock lines and said : “ No one could 
ever work a plank round to that slia[)el” Even 
when it w'as e\[)lained that a huttoek line was 
only a longitudinal section, he could not be got 
to see that it was merely a w^orkmg line in the 
drawing and not an actual poition of the boatk 
frame. 

Such ignorance as the ioregoing is extremely 
rare at the present day, but there are still a num- 
ber of builders (and amongst them men who can 
turn out some really highly-finished craft) who 
will not attempt to lay off a bo<iL from a draw- 
ing, but always require full-size sections and a 
paper template of the stem, etc. 

In spite of the spread of naval architectural 
knowledge among all but a very small minority, 
it is, unfortunately, only too common to see 
small craft of all descrijjtions w^ilh hulls of ap- 
palling ugliness, which show only too plainly 
the want of training and experience on the part 
of the designer. 

Where a builder has bi en accustomed to build 
steam launches of one stereotyped torm for 
years, it is no doubt difhcult to break away from 
old habits and adopt the more modern ideas on 
the subject of the most suitable form for a launch 
hull, especially as the new^ designs are usuall> 
radically different from the old-established types 


of river and sea-going launches, the one with her 
clipper bow and long counter, and the other with 
a straight keel and sharp rise of floor, all of 
which are an abomination to modern ideas as 
being utterly unsuitable for their work. 

It is with a view to assisting those builders 
who wish to go in for designing their boats on 
modern Icnes that this article is written ; to give 
a lew practical directions as to the i amplest way 
of getting out a motor launch design, and also 
to try to ex})lain the why and wherefore of the 
vaiious modifications in typ(' which have proved 
to be most suitable for each class of work. 

It is hardly ni ccssary to go into details as to 
the proper use of drawing instruments, etc., 
and in another article on the construction of 
motor boats the exact meaning of the different 
parts of a design are fully explained. There- 
fore, in the present article, it will be supposed 
that the reader knows how to “ read ” a design 
and understand the meaning of all the different 
s<*cli(.)ns, water-lines, and other parts of the 
drawing; also that he has some knowledge of 
the ordinary drawing instruments and sufficient 
skill in their use to be able to turn out a decent 
drawing. 

Before proceeding, it is suggested that, in 
addition to the usual outfit of drawing-board, 
tee, and set squares, case of instruments, bat- 
tens, weights and curves, etc., a planimeter and 
a side rule should also be purchased, as these 
two instruments will save more labour than can 
well be imagined by anyone unacquainted with 
their uses. 

The Planimeter. 

The planimeter is an instrument by w^hich 
we can measure the area of any sectiijn or other 
surface, no matter what its shape may be, by 
simply running the pointer of the planimeter 
round the outline of the section in the direction 
of the hands of a watch, the area in square 
inches being rcconled on a revolving drum fitted 
with a vernier and a su|)plemcntary geared disc 
on w hich the higher numbers are indicated 

To use the planimeter, the needle point undet* 
the small weight is stuck into the paper in such 
a position that the pointer of the instrument may 
be freely moved over all parts of the body plan 
or cross-sections of the boat. This pointer is 
then placi'd on the point of intersection of the 
I..W.I.. and the centre line on the body plan, and 
the index or o. on the drum set to zero on the 
vernier. The pointer is then carefully traversed 
over the complete outline of the immersed part 
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of the section to be measured (working always 
in the same direction as that in which the hands 
of a watch travel) until the pointer comes to rest 
once more on its starting place. On looking at 
the drum of the planirneter we can now read 
off the area of the sectio<n, tens being shown on 
the disc, units and tenths on the drum op|x>site 
zero on the vernier, and hundredths on the ver- 
nier itself by noting which mark on the vernier 
exactly coincides with a mark on the drum. 
Thus, the accompanying illustration shows a 
planirneter reading 12.37 square inches, that is to 
say, I on the disc, 2.3 on the drum, and the 
stroke of 7 on the vernier corresponding 
with a line on the drum, in this case the line 
marked 3. 

It is usual in an ordinary design to show the 
transverse sections of the body plan as half sec- 


37 .; 

tracted from the latter reading, the result being 
the area required. This is doubtless the correct • 
method of using the instrument, as it is not only 
more accurate, but it also prevents the hgures 
on the drum becoming indistinct through con^ 
slant handling. On the other hand, it entails ^ 
about three times the work which is required 
when the index is set each time, and although 
a small error may occasionally be made in set- 
ting the instrument, it is less likely to be ser- 
ious than the arithmetical errors which may 
easily occur in hurried working. 

By the use of this instrument the displace- 
ment of a boat may be calculated in about ao 
minutes, whereas, by the old method of a dis- 
placement sheet and the measurement of or- 
dinates, it used to take an hour or two and the 
result was much more liable to error. 



tions only, the fore body, or those sections for- 
ward of amidships, being to the right of the 
centre line and the after body to the left. Con- 
sequently a planirneter reading of one of these 
jsections as shown on the drawing w ill only give 
one half of the actual area of the section, there- 
fore the reading must be doubled, or, what is 
far better, a second reading may be taken over 
the same section, thus reducing the liability of 
error by getting the combined result of two 
readings and at the same time obtaining the 
correct area of the section at a glance without 
any possibility of error due to incorrect multi- 
plication of a reading of half the area. The 
instructions sent out with the planirneter say 
that, instead of setting the index to o. each 
time before taking the area of a surface, the 
drum should not be set at all, but the reading 
should be noted before and after tracing the 
outline with the pointer and the former sub- 


Planimeters vary considerably in price and 
design, but the simplest form, giving a reading 
in square inches only, is all that is required, as, 
if the drawing is to any other scale than one 
inch to the foot, the reading can be reduced or 
enlarged to suit by means of the accompanying 
table. (Example : — If the drawing is to a scale 
of ^in. to the foot, all readings of the planirneter 
must be multiplied by four, as there are four 
square half inches in one square inch.) 


r 

Scale. 
= 1' 

Of' 

Multiplier. 

0*000 

r 

= V 

Of' 

1*777 

V' 

= V 

Of' 

4*000 

r 

=z V 

Of' 

16*000 


It is of course simplest when getting out the 
displacement from a Jin. scale drawing with an 
inen scale planirneter to take all readings as if 
the drawing were to lin. scale, and then multi* 
ply the whole result by four, but always remem- 
bering that the interval between the sections 
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must he taken in accordance with the scale of 
the drawing- and not in accordance with the 
scale of the planimeter. 

The SMe Rule. 

This instrument does for ordinary calculations 
(excepting addition and subtraction) exactly 
what the planimeter does with regard to the 
calculation of areas; that is, by means of the 
slide rule, a close approximation can be ob- 
tained at once of the result of multiplying or 
dividing any given combination of figures. It 
will also give the squares and cubes with the 
corresponding roots of any numbers. But its 
uses are so various that they cannot all be de- 
scribed in detail here. Suffice it to say that its 
use can be learned by anyone of ordinary intel- 
ligence in a day or two by means of Pick worth’s 
excellent handbook on the subject, and, once 
learned, it is invaluable in all sorts of calcula- 
tions for every class of work. 

Calculations. 

When designing any sort of vessel there are 
a certain number of calculations which must be 


sequently, the displacement of any vessel is ex- 
actly equal to the number of cubic feet coil- 
tained in her under-water body, and the weight 
of this number of cubic feet of water is equal to 
her total weight when flaating to that given 
water-line. 

From this it will readily be understood that, 
upon the correct estimate of the weights of the 
complete boat and crew, the total displacement 
must be determined, and upon the accuracy of^ 
the calculation of the displacement from the 
drawing depends the whole question of the boat 
floating to her designed water-line. 

Simpson* 8 Rule. 

Before attempting to calculate the number of 
cubic feet in the under-water body of a boat, it 
is necessary to understand how to find the area 
of each sG2tion in case a planimeter h not avail- 
able. This is usually accomplished Gy means of 
Simpson’s rule, by which any area bounded by 
a curve more or less approaching an ellipse, 
parabola, or other similar form, can be measured 
within a reasonable degree of accuracy by means 



made if the vessel is to be anything more than 
a rule-of-thumb job which may or may not float 
right side up. To make these calculations, a 
knowledge of decimal arithmetic is abso- 
lutely necessary, but great mathematical skill 
is not required. Chief among these calculations 
is that of the displacement, but before giving the 
method of ascertaining it we will explain exactly 
what displacement is. 

Displacement. 

Dixon Kemp, in his invaluable work on yacht 
architecture, gave the most lucid description of 
an experiment which at once explains the whole 
question. So, with due apologies for borrowing 
his illustration, it is given here. He takes a small 
bowl filled exactly to the brim with water so that 
it cannot hold a drop more, and, standing it in a 
larger bowl or tray to catch the overflow, he 
then places a saucer on the water, which imme- 
diately overflows until sufficient water has been 
displaced in the bowl to allow the saucer to 
float. The amoirnt displaced is therefore exactly 
equal in bulk to the portion of the floating 
saucer which is below the water level, and, as 
may easily be proved by weighing the water 
which has overflowed against the saucer itself, 
exactly the same weight as the saucer. Con- 


of a series of ordinates which divide the area in- 
to an even number of equal parts — say, ten, as 
shown in the accompanying diagram (Fig. 2), in 
which the ordinates are numbered from i to ii 
and are spaced ift. apart. 

It is usual to set down the lengths of the 
ordinates in columns as follows ; — 


No. 1 


0 00 

X 

1 

— 

0-00 

2 


0-62 

X 

4 


2-48 

3 


riK 

X 

2 

--r 

2 36 

4 

— 

1-64 

X 

4 


6 56 

5 

— 

3 97 

X 

2 

= 

3-94 

6 

— 

2 20 

X 

4 


8-80 

7 


2 30 

X 

2 

— • 

4 60 

8 


2 25 

X 

4 


9-00 

9 

=r 

1 97 

X 

2 


3-94 

10 


1 35 

X 

4 

— 

5-40 

11 


000 

X 

1 


0-00 


3)47-08 

15-69 

From this table it will be seen that the two 
end ordinates are multiplied by i, and all the 
even numbers by 4, while the odd numbers from 
3 to 9 are multiplied by 2. The results are then 
added, giving in this case a total of 47.08, which 
must be multiplied by one-third the distance 
which the ordinates ’are spaced apart. In thi* 
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Uittance the spacing is ift., so we have to mul- 
iwty by one-third of one, or, in other words, 
the sum of 47.08 by 3, the result being 
'"the number of square feet in the given figure or 
area « 15.69. 

Now, supposing we have calculated the area 
of each of the sections on the body plan of our 
boat by this means, we then have a series of 
areas of sections, and, by treating these areas 
as ihe ordinates in a fresh calculation, we ob- 
tain the volume of the whole mass in cubic feet, 
by multiplying the areas of the various sections 
by the same rule as before and the result by one- 
third of the interval between the sections, the 
whole sum being precisely the same as that 
used to obtain the area of the sections. 

Where a plahimeter is used the readings from 
each section are set down at once as ordinates 
in the final calculation for the total (mbic feet 
in the vessel; consequently only one calculation 
is required, instead of at least nine or ten, 
which would be necessary in the ordinary way. 

Having obtained the displacement of the boat 
in cubic feet, it is usual to reduce it to tons, or, 
in the case of very small craft, to lbs. The num- 
ber of cubic feet must therefore be divided by 
35 to bring it to tons in sea water, or 36 for 
fresh w’ater, or else multiplied by 64 to bring it to 
lbs. for sea water and by 62.4 for fresh water. 

Centre of Buoyancy. 

Next to the displacement, the fore and aft 
position of the centre of buoyancy is the most 
important matter to be determined, as the 
reader is assumed to have enough knowledg<* 
of boats to have made ample allowance for 
stability in getting out the drawing. To find 
the distance of the centre of buoyancy aft of the 
stem we must take the sums of the various 
sectional areas obtained by Simpson’s rule as 
already described, and, omitting No. /, mul- 
tiply No. 2 by one. No. 3 by two, No. 4 by three, 
and so on. These products are then added, 
divided by the sum of the results of the .sectional 
areas, in this case 47,08, and the total multiplied 
by the spacing or interval between the sections, 
the result being the number of feet from the 
centre of buoyancy to the stem or No. i. 

It may be as well to explain that the centre 
of buoyancy is the exact centre of the whole im- 
mersed mass of the vessel. It will be moved 
forw’ard or aft as the vessel is depressed in the 
water at either end, or it will move to either 
side as the vessel rolls, but, no matter what the 
shape or position of the vessel may be, the 
centre of buoyancy is always the centre of the 
immersed body or of the space which the vessel 
occupies in the water. 

To find the vertical position of this centre re- 
latively to the water level we must take a series 
of horizontal sections or water-lines parallel to 
the surface of the water, and, having found 
their areas, we must multiply them in exactly 
the same way as we have done the vertical sec- 
tions and (Mvide by the summed results as 
before^ The water level is taken as No. i, and 


the number of these water-lines being odd* 
the result is then multiplied by the interval, 
which will give the distance in feet below the 
water level. 

Centre of Qravity* 

To determine the position of the common cen- 
tre of gravity of the boat, motor, propeller, crew, 
and the various accessories, such as fuel tanks 
and other fittings, entails a considerable amount 
of careful calculation, combined with an accu« 
rate knowledge of the weights of all the details 
which go to make up the total weight of the 
boat when in running order. 

The general principle by which the position 
of the common centre of gravity of the various 
parts is a.scertained is as follows : The centre of 
gravity and weight of each item is determined 
separately, and the distance from this point, to 
a vertical line touching the fore side of the stem, 
is then set down in a column, the weight being 
set down in a similar and parallel column, while 
in each ca.se the distance from the vertical line 
is multiplied by the weight, and the result set 
down in a third column. The column of weights 
and the column of results are each added, and 
the sum of the results is then divided by the sum 
of the weights, the quotient being the horizontal 
distance of the common centre of gravity abaft 
the fore side of the .stem. If we now draw a 
horizontal line paralkl to the water-line just 
below the bottom of the boat, and then multiply 
the weight of each item by the distance from its 
centre of gravity to this line, we obtain a second 
series of results, which must be treated as before 
to obtain the vertical distance of the common 
centre of gravity above the base line. The inter- 
section of the vertical and horizontal measure- 
ments determines the ex.act position of the centre 
of gravity on the sheer plan, and if the weights 
are evenly distributed on each side of the centre 
line of the boat, there will be no need to calcu- 
late its transverse position, as it will coincide 
with the centre line. As regards the fore and 
aft position of the centre of gravity, it is usual 
to keep it a trifle forward of the centre of buoy- 
ancy as shown when the boat is on her designed 
load line, because nearly all motor boats have 
some tendency to raise the bow and sink the 
stern to some extent when running, and this 
tendency increases very rapidly as the .speed be- 
comes greater, although it is obviated to a 
considerable extent by flattening out the after- 
body and fining the entrance, but this will be 
explained more fully later on when we deal with 
the question of the form of the hull ; at the 
moment we need only concern ourselves with 
this tendency in so far as it affects the fore and 
aft position of the weights. 

In the case of those boats which are not de- 
signed for any great speed, the eentre of gravity 
should not be more than one or two per cent, of 
the length of the boat forward of the centre ol 
buoyancy, and it must be remembered that the 
weight and position of the crew and passengers 
constitute most important factors to be taken 
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Iiito account; in making; the calculation for the 
fore and aft position of the centres, although a 
slight error can be adjusted by altering their 
position in the boat. 

Centre of Gravity in Racing Boats, 

In the case of a boat designed for racing pur- 
poses it is much more important to adjust the 
weights accurately, as, if she does not run on an 
even keel when at her top speed, it is quite clear 
that she is not on her designed water-line, conse- 
quently her under-water body is not in the least 
like that of her design, and no accurate data 
can be obtained as to its actual form if she has 
several feet of her bow out of water when run- 
ning fast. To counteract this tendency to “get 
up on her hind legs,” the centre of gravity may 
be placed so far forward of the centre of buoy- 
ancy that in the case of a 40ft. boat she is at 
least a couple of inches down by the head when 
at rest, but the exact amount of allowance that 
has to be made can only be determined by ex- 
perience, as it varies with the design of the boat 
and also with her speed, so much so that, whilst 
the bow would continue to rise as the speed 
increased up to a certain point, after that it 
would tend to come back nearly to its normal 
position as actually occurred this year with 
“ Strict Runner.” For this leason it is always 
advisable to so arrange the fuel tanks that then- 
positions can be moved fore and aft without 
much alteration to the rest of the interior ar- 
rangements. By this means the position of the 
centre of gravity can be varied at will 

Centre of Gravity of the Hull, 

Before leaving this subject it may be as w^ell 
to indicate the method employed to find the 
centre of gravity of the hull itself, as this is a 
much more complicated business than it is in 
the case of the motor, fuel tank, and the other 
accessories. 

The weights of the keel, gunwales, stringers, 
etc., are taken separately, and their centres 
of gravity assumed to be at the mid- 
overall length of the boat, as they are more or 
less of one sectional area throughout their 
length. The engine bearers are also easy to 
calculate, and their centre of gravity may be 
ascertained by cutting out a stifl piece of paper 
to the correct shape and balancing it on the 
point of a needle, which will indicate the exact 
position of the centre, provided they are to be 
of uniform thickness throughout their length ; 
if, however, they vary both in thickness and 
depth they must be divided into, say, ten equal 
parts and the correct sectional area ascertained 
at each section, as in the case of the rest of the' 
hull. To get at the centre of gravity of the 
planking, timbers, and deck (if the latter be of 
similar scantling and material to the skin), we 
must find the perimeter or girth of the hull at 
each section of the body plan, allowing for any 
opening in the deck, and treat the number of 
feet in the girth of each section as an ordinate, 
CO be multiplied in the same way as in the cal- 


culation of the areas for the displacement By 
this means we get, first, the area of planking 
and deck in square feet, and, second, by the use 
of the same rule that we employed to find the 
centre of buoyancy, we can find the fore and aft 
position of the centre of gravity. 

To find the weight, we have only to ascertain 
the weight of a square foot of planking and 
timbers combined, and, taking the deck and 
deck beams as approximately of the same 
weight, we multiply the total area of plank ahd 
deck by this weight. If absolute accuracy be 
required, the planking and timbers must be 
taken separately from the deck, and the centre 
of gravity of each obtained as before. 

To find the vertical position of this centre of 
the planking, etc., the centre of the girth must 
be marked on each half-section of the body plan 
and the vertical distances from these centres to 
the base line multiplied by the girth in each 
case as previously described. 

Graphic Method of Finding Centre of Gravity, 

A simple method of getting a common centre 
of gravity of tw'O bodies by means of a diagram 
is as follows : A (Fig. 3) represents the centre of 
gravity of one body whose weight is, say, 2501b., 
R is the centre of gravity of another body weigh - 
ing 1401b. Draw a line (A-B) connecting the two 



centres and, at A, erect a perpendicular to the 
line (A-B) and set off 140 parts of scale on this 
line at C, next erect a similar perpendicular from 
B, but on the other side of the line (A-B), and 
on this line mark off 250 parts to the same scale 
at D, connect C-D by a line intersecting A-B 
at X, which is the common centre of gravity Of 
the two bodies. By this method all the various 
centres may be resolved into one common centre 
if desired, instead of by calculation, and this is 
the best way of finding where the centre of any 
new item must be placed, with regard to that of 
any other item already in place, to bring the 
common centre of the two on a fixed point. 
This is done by drawing a line (A-B) (Fig. 4) 
fiom the centre of gravity of the fixed b^y (A), 
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through the point (X), which is to be the com- 
mon centre. A perpendicular (A-C) is then set 
lip at At corresponding in length to the weight 
of the new body (D), and a parallel line to A-B is 
drawn on the other side at a distance propor- 



tional to the weight of A. By drawing a line 
from C through the common centre (X) until it 
intersects this parallel line, we get a point (IC) 
from which we can draw a perpendicular to A-B, 




cutting it in the point (D), which is the correct 
place for the centre of gravity of D if the com- 
mon centre of A and D is to be at X. 

These details are undoubtedly wearisome, but 
they must be mastered before a racing boat can 
be attempted, and the njore care that i§ taken 
in these matters the less chance there is of the 
failure of the boat from a bad disposition of the 
weights. 

Area of Wetted Surface. 

This is a very simple calculation in which the 
ftnder-water girth of each section is taken, and 
treated as an ordinate as in the previous calcu- 
lations for areas, the result being the area of 
wetted surface of the hull. 

Stability. 

The necessity for ample stability is so univer- 
sally appreciated that it is usual when designing 
a boat to give her more than is really needed for 
safety^ and for cruising purposes any error in 
this direction is a fault on the right side. 

With a racing boat, however, we may get a 
much smaller margin of safety, and it is there- 
fore necessary to ascertain the exact amount of 
stability for each boat, especially if the beam 


be small and the centre of gravity of the moitor 
be high up. 

It will usually be sufficient if we have a fair 
amount of stability left when the boat is inclined 
to the deck edge, and to ascertain this we must 
make a diagram showing the ’midship section 
of the boat inclined to this angle, showing the 
centre of gravity (which always remains in the 
same place relatively to the whole body of the 
boat) and the centre of buoyancy which will be 
found to have moved out towards the side which 
is depressed. The exact position of the centre 
of buo\aiicy when the boat is heeled can only 
be determined by a long and complicated calcu- 
lation, which is unnecessary for all ordinary 
purposes. 

Instead of this calculation, we may assume 
that the ’midship section in a motor launch of 
normal type will have nearly the same immersed 
area when upright as it would have W'hen in- 
clined; therefore, we will take it as being the 
same in both positions. 

To ascertain the centre of buoyancy when the 
boat is inclined, we must first get the correct 
inclined water-line on the body plan, and then 
find the centre of each immersed section, which 
may be done either by calculation as previously 
described, or the section may be cut out and 


balanced on the point of a needle and the conir 
mon centre of all the sections obtained by cal- 
culation as before. 

Two lines are now drawn, one from the new 
centre of buoyancy, and one from the centre of 
gravity, perpendicular to the new water-line; if 
the two lines coincide, the boat is exactly in equi- 
librium. If the line representing the downward 
force of the centre of gravity be outside the up- 
ward force of the centre of buoyancy, then the 
boat will at once capsize; but if, on the other 
hand, the centre of gravity be inside the centre of 
buoyancy, the boat has stability, or a tendency to 
resume an upright position, and the amount of 
this stability may be found by multiplying the 
distance between the parallel lines representing 
the upward and downward forces at the centres 
of buoyancy and gravity by the total displace- 
ment of the boat, the result being the righting 
moment at that inclination in foot-pounds. Iij 
the accompanying diagrams (Fig. 5), A shows 
the ’midship section of a launch when floating 
on even keel, b being the centre of buoyancy, and 
g the centre of gravity. It will be seen that g 
is considerably above b, but when the boat is up- 
right they are both in the same vertical line, 
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hoit is in equilibrium. If the boat be in- 
clined as shown in B, then a line drawn from b, 
perpendicular to the water-line, will pass outside 
a similar line drawn from g, consequently the 
boat at this particular angle has a righting lever 
equal to the distance between these lines. If, 
on the other hand, we take another boat (C) with 
a different section, and with her centre of gravity 
raised in consequence of higher engine weights, 
then we find, when she is inclined to the deck 
edge, that the perpendicular from g falls outside 
b, showing that the boat has no stability at that 
angle. The fourth section (D) shows another 
boat which is just in equilibrium when inclined 
to her deck edge ; but, of course, we should re- 
quire a margin of safety and a compromise be- 
tween D and B is as far as we dare go in this 
direction, whilst the more stability we can get, 
by keeping all weights low, the better. 

The other calculations, such as those required 
for ascertaining power or speed, and the dimen- 
sions of the propeller, will be dealt with later on. 

System in Designing. 

It is of the greatest importance that some 
regular method or sj^stem should be employed 
in getting out a design, and that the old rule- 
of-thumb practice of making a design by eye 
without any particular rule as to the disposal of 
the displacement throughout the length of the 
vessel ^ould be abandoned in favour of a more 
precise method. 

lo this end it will be well to adopt Colin 
Archer’s “ wave-form ” of body as a basis 
on which we can construct our design, al- 
though the exact “ wave-form ” of body in ac- 
cordance with his theory is not necessarily the 
most suitable for motor launches intended for 
high speeds. 

The Wave-^form ’• Theory. 

The ** wave-form ” theory is, that a vessel 
should be so designed that the curve of sectional 
areas of the fore-body (or that part forward of 
the greatest transverse section) shall conform 
more or less closely to a curve of versed-sines, 
while the curve of areas of the after-body shall 
be a trochoid. 

This theory is based on the assumption that 
the bow wave created by the passage of the 
foro-body through the water is a wave of the 
first order, or a wave of translation, the normal 
form of which closely approximates to a curve 
of versed-sines, and that the body of water so 
displaced closes in at the stern in the form of a 
replacement wave of the second order, having 
a more or less trochoidal form. 

At low ^eeds this theory is no doubt correct 
to a certain extent, but, for our purposes, it 
serves as a basis on which to construct a 
curve of sectional areas rather than as a hard- 
and-fast rule to which all designs should con- 
form. In fact, we should probably never de- 
sign a boat exactly in accordance with a true 
wave-form” of body, as experience teaches 
us that a considerable percentage may, with ad- 


vantage, be cut off the extreme ends of 
curve, and that this ** snubbing ** of the cufve 
may be increased with the pr^osed speed of 
the vessel until lo, or even 15, per cant is re- 
moved. 

Carve of Sectionai Areas. 

Before proceeding with an actual example, 
it will be well to clearly explain what is a ci^e 
of sectional areas, and it may be described 
as a graphic method of recording the displace- 
ments and sectional areas of a vessel, in such 
a manner that a curve represents the exact 
disposition of the vessel’s displacement through- 
out her length. Ordinates to this curve, when 
spaced similarly to the sections in the vessel, 
will represent in linear measurement the area of 
the corresponding section in square measure, 
one linear foot to scale representing one square 
foot, and so on. 

To make this clear, we will tafte a typical 
curve of areas of a motor launch designed for 
moderate speeds (Fig. 6). 

In this case, the base line (AB) is drawn to 
the same scale as the load water-line of the 
proposed boat, and is equal to it in length ; it 
is also divided into the same number of equal 
parts as there are sections in the design, the 
spacing of the sections being the same as the 
divisions on AB, viz., 2.30ft. 

Having divided the base line to correspond 
with the L.W.L., we must set off at the mid- 
section (No. 6) a distance, in feet and decimals 
of a foot to any convenient scale, equal to the 
area of the mid-section in square feet, in this 
case 2.25ft. (C-6). Then, with half this dis- 
tance as radius (1.125ft.), and the centre of the 
line (C-6) as centre, describe a circle called the 
generating circle, which must then have its 
circumference divided into any convenient num- 
ber of equal parts, say eight. 

Curve of Versed^sines, 

The base line (AB) must now have 2J per cent, 
of its length added to each end, making a total 
of 5 per cent., as shown at A^, B^. The distances 
(A^b and B^b) are then divided into four equal 
parts each, at e-/-g and h-i-j, and from each of 
these points a perpendicular is erected. A 
series of lines parallel to AB is then drawn 
through the divisions on the circle. These lines 
will cut the perpendiculars as shown at the 
points o o, etc., and a curve drawn through these 
intersections will be a curve of versed-sines, 
which is correct for the fore-body of the boat, 
but would be rather too fine for the after-body. 

Trochoid Curve. 

To obtain a fuller curve we may use a tro- 
choid instead of the curve of versed-sines, or any 
intermediate curve we mav think desirable, 
such as the one illustrated. The trochoid i$ cb- 
tained in a similar manner to the curve of 
versed-sines, but instead of drawing the curve 
through the intersections of the vertical and 
horizontal lines, as for the versed-sines, we take 
the horizontal distance from the centre line (C6) 
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to the circumference of the circle^ ;/ 
and set this amount off on the corr&r 
sponding horizontal line, from the., 
point of intersection which would be < ' 
used for the curve of versed-sines. 

Or any intermediate proportion of 
this distance majr be employed ac- 
cording^ to one’s ideas. 

If, when we have completed the 
curve of areas, we now draw 
ordinates to the curve at the stations 
corresponding to the sections i, a, 3, 

4, etc., we shall obtain a measure- 
ment of each ordinate in linear feet 
to scale, which will equal the area 
of that section in square feet^ just as 
the diameter of the generating circle 
equals the area of the ’midship sec- 
tion. From these areas we can at 
once calculate the displacement of 
the vessel before the design is com- 
menced. I'he only data required are 
the length on L.W L. and the area 
of the 'midship section, on which to 
constiuct our displacement curve of 
areas. 

Area of * Midship Section, 

The area of the mid-section is eas- 
ily obtained as follows, when the 
approviniate displacement has been 
decided on lor a given L.W.L. : — 
Multiply the displacement in toqs 
by 35— for salt water (or, if it be 
in lbs., divide by 64), then divide 
by the length of the I..\V.L. and 
by the prismatic coefficient most 
suitable for the particular class 
of vessel contemplated, in this 
case, say, 0.55. The result is 
the area of the mid-section in 
square feet. 

Prismatic coetUcienU 
This prismatic co-efficient is a fig- 
ure rcfiresenting the relation which 
the average of all the sectional areas 
would bear to the area of the mid- 
section, and varies from 0.30, in a 
few very hollow-ended vessels of old- 
fashioned type, to 0.70 in some mod- 
ern high-speed vessels of the de- 
stroyer type For boats of moder- 
ate speeds, with no superfluous dead, 
wood, it will generally range from 
0.50 to 0.55. 

Order of Procedure, 

From the foregoing, it will be 
seen that on commencing to design 
a boat^ we must first decide on her 
length and approximate displace- 
ment, then from these, being guided 
by experience in estimating the pris- 
matic co-efficient, we next find the 
area of the mid-section. Using this^:' 
as the diameter of our generating 
circle, we construct a curve 
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vei:i6d*sifie8 for the dkplacemcnt of the fore- 
and if the boat is to be fast, a similar 
curve for the after-body, or any modification be- 
tween the curve of versed-sines and a trochoid, 
according to the internal speed and other con- 
siderations which experience alone will dictate; 
these considerations also apply to the percentage 
to be added to the length of the L.W.L. as a 
base line for the curve. 

Having now obtained the area of the mid-sec- 
tion, and, from the ordinates in the curve of 
areas, the areas of all the other sections, we can 
calculate the displacement and the fore and aft 
position of the centre of buoyancy, and can then 
proceed with the drawing of the design itself. 

Getting Out the Design. 

^ Having decided on the scale to which the de- 
sign is to be drawn, we must first draw the 
LTw.L. as a base line upon which to work. At 
some little distance below it, draw another line, 
parallel to it, to form the base line for the half- 
breadth plan, taking care to leave space be- 
tween the two for the under-water body of the 
boat below the L.W.L. and the whole of the 
body plan above the half-breadth plan. Space 
may be economised if the body plan is placed 
at one end of the space between the sheer and 
half-breadth plans. 

The length over all and on the L.W.L., to- 

f ether with the extreme beam, must now be 
ecided and set off on the sheer and half-breadth 
ptans, both of which must then be carefully 
divid^ to correspond with the stations for the 
cross sections of the body plan. As we have 
already seen, it is simplest to divide the L.W.L. 
into 10 equal parts. Having carefully checked 
the spacing of these sections, two or three 
times over, we can now sketch in the L.W.L. 
and deck plan on the half-breadth plan and the 
sheer line on the sheer plan. 

From them, we can get the approximate half- 
breadths for the mid-section at the deck and 
L.W.L., which will enable us to draw the cor- 
rect mid-section to correspond with the area 
shown on the curve of displacement (Fig. 2). 

This can only be arrived at by trial, as the 
section has to agree with both the half-bi*eadths 
and the pre-determined area, and at the same 
time be of the shape required. It must there- 
fore be drawn as nearly as possible to the cor- 
rect shape and area by eye and then carefully 
measured with the planimeter, alterations be- 
ing made as required until both form and area 
are correct. 

The mid-section will now give us fixed points 
on the sheer plan for the under-side of the keel 
and the sheer line, and, on the half breadth 
plan, it will fix points in the deck line and the 

Lw.l. 

Once the mid-section is correct, we can take 
an intermediate section about midway between 
it and the stem on the one hand, and another 
between it and the stern on tlie other hand. 
Each of these sections is found in the same way 
by making an approximate sketch first and 


altering it until a correct planimeter reading is 
obtained. 

By means of these three sections, it should 
now be possible to put in the sheer line and all 
the profile of the boat on the sheer plan, and 
finally correct the deck lirte and L.W.L. on the 
half-breadth plan. 

This will have no doubt proved a tedious bit 
of work at first, but once it is done the worst of 
the job is over, as the other sections w^l be 
found lo fit into their places quite easily, pro- 
vided the first three are correct and the L.W.L., 
deck line, and profile are fair. 

Fairing Up, 

The design is now ready for fairing up ; or, 
in other words, adjusting all errors and inequali- 
ties in intersections of the various lines on the 
sheer, ftalf-brcadth, and body pl^,is, until all 
intersections on the three plans are accurate, 
and all the lines arc perfectly fair and true curves 
throughout the design. For this purpose a 
longitudinal vertical section, or buttock line, and 
in most cases a diagonal as well, must now be 
nut in to check the others. 

This fairing is often a work of considerable 
difiiculty if the boat is merely designed by eye, 
especially if tlie designer has not had much 
previous training and exjiericncc. With the 
method here described, however, if the 
!..\V.L., sheer line, and the line of the under- 
side of the keel are all fair to start with and 
suitable to the ’midship section, there should be 
no trouble whatever in fairing up the boat; in 
fact, the curve of areas practically ensures a fair 
boat. 

There is no need to go into all the details of 
the work of finishing up the design, as that will 
vary considerably according to the skill and taste 
of the designer, but there is one important mat- 
ter to l)e considered, and that is the position of 
the propeller and shaft lino. 

Propeiler and Shaft Line, 

The question of propeller design is dealt with 
in another chapter, but at the same time we 
would strongly advise readers not to attempt to 
design their own propellers, as this is a subject 
which is very little understood except by a few 
men who have made it a life study and have an 
endless stock of data to work from. 

Until the diameter of the propeller is known, 
the shaft line cannot be put in if the boat is a 
shallow-bodied modern type of boat similar to 
the one taken to illustrate these articles, and, 
unfortunately, no one but the designer of 
the propeller can say what this diameter should 
be exactly, owing to the fact that no two pro- 
peller designers appear to agree on a standard 
proportion of diamt^ter. 

Roughly speaking, it may be taken as an 
axiom that for a given hull and power the 
diameter will increase as the revolutions de- 
crease, and vice versd ; for instance, a 25ft. boat 
similar to the example just mentioned when 
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fitted with 4 sb.h.p. motor running at 450 revs., 
required a tnree-bladed propeller of iSin. dia- 
meter and attained a speed of miles an hour ; 
while a similar boat fitted with an engine of 
about the same power, but running at 900 revs., 
a propeller of only i4in. diameter. 

To g’ive an idea of the difference of opinion 
among experts on the question of diameter and 
number of blades, we may memtion the case of 
one boat for which two propellers were ordered 
from different firms, both being specialists on this 
work. The boat was a 40ft. racer, fitted with 
a motor which was stated to be iSob.h.p. For 
this one designer supplied a two-bladed pro- 
peller of 34in. diameter; while the other pro- 
peller was only 24in. ] — both, however, being 
somewhat alike in blade area. 

When experts disagree to this extent it is 
obviously homeless for the ordinary ma^j to say 
off-hand what diameter is most suitable for 
given conditions, although a rough guess can 
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shafting will then ^ive the shaft line, and a 
transfer of the tracing of the motor can then 
be made on the design to correspond with .this 
shaft line. 

From this the engine bearers, stern tube, and 
chock, and the positions of the door frames can 
be set out and the other details of the construc- 
tion drawing filled in. 

The Effect of Various Forms of ffuUm 

In what has preceded, we have considered 
the effect of the distribution of the displacement 
in the form of a curv'e of vTrsed-sines for the 
fore-body and a similar form (or some inter- 
mediate curve between it and a trochoid) for 
the after-body. It must, however, be clearly 
understood that the curve of areas of sections 
which represents the distribution of the dis- 
placement can be varied to an enormous extent 
either by moving the generating circle fore and 
aft, or by snubbing the ends of the curves from 




j 


V. 




L 





Fig. 7. 

usually be made sufficiently close to decide on 
the clearance required. 

A better way, however, is to send the length, 
displacement, and area of the ’midship section 
of the boat, together with the power and revo- 
lutions of the motor, to the propeller designer 
ybu have decided on, and he will tell you the 
diameter he requires clearance for. 

The diameter being obtained, set off a point 
below the bottom of the boat, as far aft as 
possible without interfering with the rudder, 
equal to the half diameter of the propeller, plus 
at least two inches for clearance. A tracing of 
the outline ol the motor to the same scale as 
the design must now be made and placed on the 
design in such a position that the centre of 
gravity of the motor will come on the spot 
intended, the lowest point of the motor being 
an inch clear of the bottom of the boat. 

A line drawn from the centre of the propeller 
to the centre of the after coupling on the motor 


the small amount of 5 per cent., as shown in 
our example, to 10 or 15 per cent, for high- 
speed boats, as already explained. 

In addition to these variations of the general 
distribution of bulk, the actual form of water- 
lines, sections, and profile can be varied very 
considerably on one given curve of areas. 

We must now consider the result of the vari- 
ous forms which may be produced from oiir 
displacement curve. First, as to the form of 
the section. Compactness is always of very 
groat importance in the section of a mechani- 
cally-propelled vessel, in order to avoid any un- 
necessary wetted surface, while a fairly flat floor 
is needed to give stability. 

Now, the most compact form of section would 
be a semi-circle, as may be seen from the fol- 
lowing examples (Fig. 7), all of equal area 

A. Triani^le B Rectangjle. C. Semi-circlo. 

Beam ... = 2'OOft. 2*00ft. 2*00ft. 

Depth ... ~ r57ft. 0‘79ft. FOOft. 

Perimeter = 4*00ft. 3*58ft* 3‘I4fL 
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it is, therefore, evidertt that, on the score of 
wetted surface alone, we should do best with 
the ♦semi-circle; but, unfortunately, this is a 
form which has little or no stability. 

The triangle has the greatest amount of 
wetted surface of any of the three forms, and 
as it is also an unstable form we will dismiss 
it at once as unsuitable, although a sharp rise 
of floor is much favoured by many of the Ameri- 
can designers. 

For stability alone we cannot do better than 
the rectangle, but here we have the disadvantage 
of large wetted surface and harsh lines for our 
boat, if we carry out the angle from end to end. 

As all these forms ha\e their disadvantages, 
we can only make a com])romise to get the best 
results, and this is best obtained by making our 
immersed mid-section somewhat approaching a 
flattened scmi-cllipsc, and D^. By this means 
we get small wetted surface — say, 3.2 to 3.25ft., 
according to the flatness of the section ; and at 
the same time we have very considerable natural 


cruiser the water-lines ^ould not be too fine 
forward, and the sections should be somewhere 
between a V and a U, with plenty of flare from 
water-line to deck. 

For a racing boat for rough water the bow 
should be long and tine with easy V sections ; 
while foi perfectly smooth water and very high 
power it may be shovel-shaped to enable the 
boat to mount on to the surface and skate over 
it. This principle carried to an extreme has 
given us the hydroplane, undoubtedly the 
fastest type of all in smooth water. 

The Run Aft* 

The run, for a sea-going cruiser, should be 
fairly fine and canoe-shaped, provided an easy 
sea boat is required rather than speed ; while for 
the latter quality the run cannot be too flat, as 
such a ^orm not only prevents the boat “squat- 
ting” when at full speed, but greatly in- 
creases the efficiency of the propeller— first, by 
preventing any air being drawn down from the 
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stability without any hard angle to distort the 
fairness of the design. 

These considerations apply to motor boats of 
all types, as a section of this form is equally 
suitable for sea or river and for racer or cruiser; 
although for racing boats we might perhaps 
more clo.sely approach the semi-circle to save 
wetted surface, if we can do so without unduly 
cutting down the stability. 

The old “ Napier II.,” practiailly a flat- 
bottomed boat, had an extremely flat section (E), 
while “ Dylan,” a veiy successful Saunders hull, 
has a bulb keel (F). Both these forms entail a 
large amount of wetted surface, as also does the 
double wedge hull to which the more modern 
boats such as ” Panhard-Levassor ” closely ap- 
proximate, but in very fast boats wetted surface 
becomes subservient to other considerations 


Form of Bow. 

The next Question we have to consider is the 
form of the bow, and ibis is largely dependent 
on the speed and work for which the boat is 
intended. For a dry, comfortable, sea-going 


surface owing to the propeller being well under 
the flat run ; and, secondly, by providing a free 
run of water to the propeller undisturbed by 
eddies, etc , from the passage of the boat 
through the water. 

An extreme flat stern, while excellent for 
racing purposes, is by no mean.s a nice type 
when the boat is going astern or lying to a 
mooring in a short sea, as it is apt to spank 
badly and to run under to some extent; it is, 
however, a necessity on all racers, unless they be 
of the ” Dixie ” type. 

Form for Racing Boat 

For the moderate all-round boat, with ordinal^ 
speed, we must make a compromise of all the 
foregoing variations of form, as shown in our 
example ; but for the racer pure and simple we 
must get a long, fine bow, a mid-section which 
shall combine "moderate wetted surface with 
sullicient stability, and a long, flat run. 

To get all these qualities we must give the 
boat what is known as a raking mid-section t 
that is to say, her greatest beam at the waters 
line must be very far aft and the greatest depth 
of hull well forward. This form is shown car- 
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tied to the extreme by the accompanying draw- 
ing (Fig. 8), in which the bow is a triangle, ter- 
minating at the stern, and the run is an inclined 
plane from the stem to the stern. 

Such an extreme form would naturally be 
hard to drive, owing to the unfair lines caused 
by the junction of the two wedges ; but a modi- 
fication of this is to be seen in most of the 
successful racing boats in France and elsewhere. 
It is a form of hull which is often very bad to 
steer, especially in a following sea, and it has 
been carried to greater and greater extremes as 
the development of high-powered engines of 
very light w^eight has increased the speeds at- 
tained from 20 to 30 knots. Experience with 
the “ Dixie ” boats, however, w’ould seem to 
show that a hull of a far easier form to drive 
may be evolved on more normal lines, as showm 
on anothei\page, but with so muclf loss of 
stability as to make the type unsafe for the con- 
ditions normally met with in Hritish and 
European waters, so that it is not likely that 
we shall forsake lh(‘ double-wedge form on this 
side of the Atlantic. 



Form for Plemoure Bosts. 

In the boat for general pleasure purposes, it 
will be best to have a fairly long bow and fiattish 
run, with an elliptical mid-section, and the 
greatest beam on the water-line just between 
six and seven-tenths of the water-line from the 
stem ; w^hile the deepest part should be about 
four-tenths aft of the stem. These proposi- 
tions, combined wdth a curve of sectional areas 
as illustrated, will give a nice, wholesome boat, 
wdiich w ill be easy to drive and dry in a moderate 
amount of sea. 

In conclusion, it must be borne in mind that 
the object of this article has been, not so 
much to teach the w’hole science of naval archi- 
tecture (which would fdl many volumes) as to 
give a few useful hints to the practical builder 
who wishes to design his owm boats in an up-to- 
date and correct manner. 

It has been the writer’s chief aim throughout 
to be as concise as possible, stating in a few 
words all the essential points to be considered 
and omitting all unimportant or abstruse details 
that could be dispensed w'ith. 
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Boats in conrse of constmctlon at the James Taylor Yard. Chei^ey. 
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CHOOSING A BOAT. 

Some Advice which may assist the Prospective Purchaser In making a Selection fO' 
suit his Requirements and the Means at his Disposal. 

Workmanship, Material and Cost. 


In choosing a boat, Lhc great thing to bear 
in mind is that, if one wants a very cheap boat, 
one should be content with the very plainest 
finish. It is obviously impossible for any firm 
to produce a really sound job, combined with 
high finish, at a very low price, as labour and 
material must always command their value. 

Granted that economies in production can be 
made by careful purchase of material, and by 
the judicious arrangement of the details of con- 
struction and fittings to avoid all useless ex- 
pense, still, to build a sound boat, good maUTial 
only can be used, and bad workmanship should 
not be tolerated. Consequently, the builder who 
turns out a cheap, sound job cannot possibly 
afford to add a lot of brass w'ork and other fit- 
tings, unless he is paid extra for them; but his 
work, even if it be rough, is far preferable to 
gaudy, unsound stuff. When buying a cheap 
boat, avoid carvel or smooth planking, as the 
clench-built or lap-strakc boats can be built more 
cheaply, and, therefore, are more likely to re- 
present good value for a low price. In addition, 
in a carvel-built boat, if cheaply constructed, all 
sorts of bad places may be hidden with putty 
and paint in such a manner that no one without 
considerable experience would be able to detect 
them. In the case of a clench-built boat, on 
the other hand, it is fairly easy to discover bad 
work, as there should never be any putty what- 
ever in the plank seams, and very little, if any, 
in the rabbets on the stem, stern-post, and keel 

Good and Bad Work, 

When the boat is varnished it is very easy to 
recognise all materials or work, but when the 
boat is painted it is not so easy, even for those 
who have had some experience, especially if the 
boat l>e well painted. '1 he best test for finding 
out bad woik is to notice the manner in which 
the plank ends are fitted into the stem rabbet. 
If the ends be irregular, some fitted closely at 
the top, and, perhaps, an eighth of an inch 
away from the rabbet at the lower edge, one 
may be sure that the work is pretty bad, es- 
pecially if some' of* the planks be split bv the 
end fastenings. The scarphs, where the ends 
of two planks meet, also frequently indicate had 
work, and they are a fruitful source of leakage, 
unless well fitted, as, without shifting the 


plank, it is very difficult to put a bad scarph 
right after the boat is built. The grain of the 
stem and knees should be examined, and any 
boat wCiere straight-grained woc^ is used in 
place of a natural crook shoula be avoided. 
bA'en worse than this is sap, which is very hard 
to detect in a painted boat, but may easily be 
seen in varnished work, as it is usually of a 
lighter colour than the sound oak and looks 
woolly and rotten when contrasted with the 
heart wood. In the case of English elm, curi- 
ously enough, the sap is generally nearly as 
good as the heart, and often better as regards 
strength, if it be close grained and free from 
shakes, but it is not very reliable on the score of 
durability. Nor, for that matter, is any common 
elm, exce4)t for use under salt water; the light- 
coloured wych elm is much better in every way, 
and should always be used for planking in pre- 
ference to the common elm. Spruce or white 
pine is an excellent material for planking 
clench-built boats, but it should be fairly free 
from knots, and as straight grained .as pos- 
sible, without any bluish discolorations, which 
indicate sap. Elm and <^pruce are the most 
often used for planking clench-built boats, and, 
if the wood is fairly free from knots, and sound, 
the boat should be capable of standing many 
years’ work. The ribs or timbers should be of 
Ameiican elm, and the lightca* colov\red and 
straighten grained this is the better. 

The Question of Cost, 

Just as the belief is frequently expressed, even 
now, that the automobile is the rich man’s play- 
thing, and that a properly built and engined car 
must necessarily cost several hundreds of 
pounds, one often hears the half-informed and 
wholly regretful remark, “ Yes, I should like 
to own a motor launch, if I could only spare 
three or four hundred to buy her”; or in reply 
to some recommendation to purchase such a 
boat, “Oh, no; not for me. Come and talk to 
me when you can get one for about £20 ; that’s 
about my figure.” Now, were it not that such 
ideas are so general, it would seem almost waste 
of time to point out, on the one hand, that little 
more than half the former sum is sufficient to 
purchase a handsome launch fairly powerfully 
engined ; and, on the other, that while hulls and 
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engines are made by British, not Chinese, 
labour, no motor launch worth the rope to tow 
her away can be bought new for ;6'2o, or any- 
thing near it. 

A Beat, 

But to begin at the bottom of the scale, let us 
suppose you require a reliable boat about 15ft. 
long or thereabouts for fishing or rough work 
generally. If so, such a boat, fitted with a good 
motor of about 3h.p. or so, will cost you, in all, 
from ;^J45 to Both boat and engine will 

be rough enough to look at ; but in view of the 
work required from them, there is no need to 
waste money on appearances. In fact, you will 
not get them at that price, except at the ex- 
pense of sound, reliable, and up-to-date con- 
struction, so do not expect them. Size up the 
cost of each detail for a moment, to grasp the 
facts. Kven t|^iking the cost of the moto^ at jQs 
per horse-power — and 4b.h.p. is better than 
3b.h.p., taking all considerations into account-— 
there is ^£20 gone. Then call the hull ;^i5 at 
the least, and you wdll only have from ^10 to 
j£^i 5 for your propeller, clutch, shafting, tank, 
circulation pump, carburetter, coil, accumu- 
lators, a few spares, a pair of oars, and the few 
other ordinary fittings of a boat. These detaiN 
all mount up, are all essential, and must be good 
of their kind to be reliable at all. And when 
you consider that the average high-grade Bri- 
tish or Continental motor costs its maker nearer 
;^io than ;i£j' 5 per horse-power to build, you will 
see the futility of expecting much, if anything, 
in the way of external finish at the low figure. 

Boats from 20ft. to 30ft. 

Turning now to the cost at first hand of the 
slightly more elaborate and largcT motor-launch 
from 20ft. to 30ft. over-all length. The motor 
required to drive a staunchly-built roomy hull of, 
say, 2oft. or so, 4ft. bin. beam, and iqin. lowest 
freeboard — which may be taken as reasonable 
measurements — will be bb.h.p., even tor a very 
moderate speed. We may, therefore, allow at 
least ;^45 for the motor alone. Properly built, 
with keel, knees, bedding-timbers, frames, stem 
and stern plate of oak, lead fittings, mahogaii} 
or cedar planking, and mahogany or clear pine 
decking and waterways, all copper fastened, wi* 
cannot expect the hull to cost less than 
apart from the design. Then there is the 
bronze pro}X*ller and the skeg-piece for the 
rudder, the shafting, clutch and reversing gear, 
petrol tank and connections, coil, accumulators, 
wiring, and a two-way switch, to say nothing of 
the optional bronze steering wheel : all of which 

Types Suitable for 

General. 

Choose your boat to suit the waters and work 
for which you intend to use her; do not try to 
adapt a lightly-constructed hull of low freeboard 
to sea w'ork. Such a boat was intended for up- 


will leave very little change out of another £20. 
Then side-lights and deck-fittings — few ot the 
latter though there be — a pair of oars, bronze 
rowlocks, a boat hook, a small folding anchor, 
and a few fathoms of chain — moorings we may 
leave out of the question — and five or six fathoms 
of 2-inch manila, for mooring stem and stern, 
will in one way and another bring the total 
well up to as a minimum. 

The hull of a 30-footer, again, will hardly cost 
less than and if built with the plainest 

fitted turtle-deck cabin forward, for cruising, 
will probably cost another £10. The motor of* 
say, 8h.p. may be reckoned at £so to £60, 
according to the m<aker. Adding, then, £\^ 
odd for fittings, as above detailed, w’e find the 
cost of a 30-foot motor launch coming well up 
to £^55* which may be regarded as the irre- 
ducibb* minimum for good work. Even so, 
selection of the engine and all fittings will re- 
quire the closest scanning of price lists to keep 
the cost down to that figure. 

Running Costs and Upkeep. 

The cost of running may be taken at about 
2d per horse-power hour, inclusive of lubricant, 
and, reckoning the price of petrol at is. 3d. per 
f^allon, .md the consumption at the usual pint or 
thereabouts per horse-power hour, this works 
out, for a 30-footer fitted with an 8h.p. engine 
and running at about 8 miles per hour on the 
average, at about 2d. per mile as a maximum. 
For the rest the item of upkeep resolves itself 
into a question of how much the owner is pre- 
pared to do himself in the way of looking after 
the boat. She will, of course, need to be hauled 
up occasionally, or brought to bank to have her 
bottom well scrubbed; but beyond this, and the 
few^ shillings weekly for the’ hire of moorings 
and her f^eneral overseeing, there is nothing to 
bring the cost of her maintenance, week in and 
week out, to anything approaching the wages of 
a chauffeur. For, so far ns the motor is con- 
cerned, there is little that the careful owner, who 
studies his engine intelligently, cannot attend to 
himself, and find additional pleasure therein. 
Thus it will be seen that a motor-launch, which 
may even become a floating home, may be 
secured at a prime cost fully £^o low^er, at 
first hand, than that of a car of the same 
power, while the expenditure for her upkeep and 
running, for a whole season, may amount to as 
much as one-tenth. And if bought secondhand, 
or, so to speak, created by installing a .suitable 
motor in a ready-made hull, it is difficult to .say 
how great the difference is in favour of motoring 
afloat from the mere standpoint of relative cost. 

Various Purposes. 

river use only, and is probably quite unsuited 
for the sea. 

Many boats built for sea w^ork may be used 
successfully on a river, but as a rule they are 
too heavy and clumsy fou river use. 
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The oki-fashioned long* counter should be 
avoided for any sort of purely power vessel, as 
h is a most Inefficient form of stern, and only 
adds useless weight and expense to the boat. 

Iriie canoe stern is the easiest form of any in 
rough water, and is all right for moderate 
speeds, but owing to its sharp rise of floor it is 
npt to squat badly when the boat is driven at a 
high speed. 

A sea boat may be as highly povvered as you 
like, but her strength of construction and form 
must be suited to the power of the motor and 
the speed at which she is to be driven. 

For river work choose a light, flat-floored boat 
with a wide flat run and fairly low engine power. 
This will give you a boat as free as possible 
from vibration and wash, with as much speed 
as you should usually require on a river, where 
seven or eight miles an hour is quite fast 
enough, unless there are no small craft about. 

Plenty of freeboard and good lifting bow, fine 
at the water-line, with plenty of flare above, are 
essential for a fast sea boat. The stern may 
either be of a canoe shape, an ordinary transom, 
or a flat slipper stern, but the latter is only 
suited to very fast boats, and even then, al- 
though almost an essential for high speed, is 
very apt to spank and strain if the boat be going 
slowly in broken water. 

River Boats* 

A motor boat, if well designed for river work, 
must be safe, light, and easily driven with small 
power; as free as possible from unpleasant vibra 
tion from the motor, making little or no wash, 
and have good seating accommodation on a 
light draught of water. To ensure safety, the 
boat should have a good flat floor earned well 
fore and aft, with a fairly hard turn to the bilge 
amidships, ending in a flat run, or, for ver> 
shallow water, the run may be hollow, with the 
propeller working in a tunnel, but this greally 
increases the expense of construction, and, to 
some extent, reduces speed. A fair amount of 
fre(‘board should be provided, as it is in no 
way detrimental to speed if not carried to such 
an excess as to unduly increase the weight of 
the boat, and its presence greatly inci eases the 
safety and comfort without spoiling the appear- 
ance if the sheer of the boat be good. 

Vibration can best be avoided by the use of 
multi-cylinder motors, installed on a substantial 
fore and aft engine bed of ample length, well 
tied to the rest of the structure, with go^, stout 
floors at frequent intervals. 

TTie absence of wash can only be combined 
with a fair amount of speed, provided the boat 
be well designed and ot ample length, with a 
clean, flat run. 

Accommodation is so much a matter of indi- 
vidual fancy tkat it is impossible to lay down any 
hard-and-fast rules on the subject, but, whether 
it be arranged in the form of fixed seats or loose 
chairs, compactness of engine installation will be 
one of the chief factors^ to ensure ample space. 


Ymchta * Lauachea ami other Stm 

The principal qualifications for a good yacht^g 
boat (and they are equally applicable to most sea 
boats) are safety and sea- worthiness : ample 
strength to stand beaching at a pinch, or knock- 
ing about alongside landing stages; sufficient 
lightness in the case of yachts* boats or beach 
boats to enable them to be easily lifted on davits 
or hauled up on a beach, and, in the latter case 
at any rate, a well-protected propeller. Freedom 
from vibration should also be studied, but’’ in 
this case a strong, simple motor is essential, 
consequently a slow-running, single-cylinder, 
two-stroke motor is often preferable, even at the 
expense of a little extra vibration, as the boat is 
usually run by absolutely inexperienced yacht 
hands, who require the simplest possible engine. 

Safety, for a sca-going boat of any sort, is the 
chief co^psideration, and next to this are comfort 
and ease of motion in a sea. To Combine these 
qualities we must have a fairly flat bottom amid- 
ships, with a sharp turn to the bilge, but the run, 
though fairly flat, must be rounded up into a 
modilied canoe-type of stern and the bow should 
be fuller and more lifting than that of the river 
boat; in fact, a little overhang at each end, if 
length is no object and the speed is moderate, 
will help to keep the boat dry in lumpy water. 

On the score of strength, a little lightness 
must be sacrificed to enable the dimensions of 
the keel and engine bed to be fairly large, and 
all the scantlings must be of ample strength 
throughout. A good frame, plenty of substan- 
tial fastenings, and sound work should be in- 
sisted upon. 

Cruisers and Auxiliary Yachts, 

The most suitable type of cruiser must neces- 
sarily depend on the work for which she is re- 
quired. VVe will, therefore, take the three prin- 
cipal types most commonly required— viz., the 
auxiliary sailing yacht fitted with low motor 
power, the scci-lishing and cruising motor yacht 
with a small cabin and perhaps small auxiliary 
sail in case of accident, and the full-powered 
motor yacht of more considerable size fitted with 
high-powered engines and capable of much 
greater speed than a steam yacht of the same 
tonnage. 

The first of these vessels should be designed 
primarily as a sailing yacht pure and simple, ^as 
she is intended for sailing whenever possible and 
is only fitted with a low-powered motor to enable 
her to get home in a calm or to work in and out 
of nariow harbours where it is diflicult to saif^ 

In such a vessel the motor must be so W- 
ranged that it will take up as little as possible 
of the accommodation, but, at the sam6 time, it 
must be readily accessible and thoroughly pro- 
tected from sea and weather. If the boat be 
small, the cockpit, or beneath it, is the only 
available place for the motor, and in this case it 
must be protected as efficiently as possible, either 
by means of a watertight hatch in the cockpit 
floor, if the latter be self-draining, or it should 
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^ fi€ covered with a suitable casing to keep off all 
waten With a largei vessel, it is always possible 
to arrange a proper motor room below, which 
should be large enough to give every access to 
all parts of the motor. The propeller must be 
two-bladed, and so arranged that it can be 
locked when the blades are in a vertical position 
in line with the stern-post. It should be of the 
reversible type and as small as possible con- 
sistent with elficiency. 

As the motor can be used to help the boat to 
windward, the draught may be reduced below 
the limit required for a really close-winded sail- 
ing vessel. This reduction in draught, together 
with the cutting away of all useless deadwood, 
is of great importance, as affecting the speed of 
the vessel under power. 

Fishing Yachts and Others. 

The second t3pe, or fishing yacht, is generally 
a craft of some 30 to 40ft. only, with a large open 
well and a whale back forward, which may be 
extended to a little aft of amidships to form a 
cabin. Such a boat is not intended to go to 
windward under sail, and is usually fitted with 
a snug ketch or lug rig for use with a fair wind. 
The hull should have plenty of freeboard and 
sheer, with a good bilge and only a slight rise 
of floor ; both bow and stern may have short 
overhangs, and should be somewhat of the whale 
boat or canoe type. In both these vessels ample 
strength is required for their ordinary work, and 
they will need little or no extra strengthening 
for the motor. 

'i he third type of full-powered motor yacht is 
not so common in this country as it is in the 
States, but several have been designed recently 
for various foreign owners by British designers, 
and the number in home waters, though not 
large, is increasing rapidly. 

In all full-powered motor yachts it is advisable 
to have twin screws and motors, as in the case 
of a stop on one motor to replace a damaged 
plug or valve, the vessel can still be driven at 
a fair speed by a single motor, or, if anything 
happened to disable one propeller, the vessel 
could still reach port under power from the other 
engine. 

Quality and Finish : What to Look For. 

In examining a motor boat or any other vessel, 
tlic chief points to be noted are : (a) the class of 
material used, (b^ the number and quality of the 
fastenings, and (c) the quality of the workman- 
ship. 

(a) All timber, whether frame, plankings, or 
fittings, should be thoroughly sound anci free 
from knots and shakes, the keel, gunwales, and 
stringers should be straight-grained and in one 
length if possible. Crooked timber of any de- 
scription, such as the stem, knees, etc., should 
be cut from natural crooks, in which the grain 
has a curve as near the shape required as pos- 
sible. 

Planking should be clear and straight-grained, 


and the scarphs should never be close together in 
two adjoining planks. 

All fastenings should be of copper, if clenched, 
and of yellow metal in the case of the larger keel 
and dcadwood bolts ; screws should be of brass, 
and all fittings of brass or gun-metal. Locks 
and hinges,^ especially, must be carefully ex- 
amined for iron pins and steel springs, which 
soon rust. 

A good test of the quality of the workmanship 
in any small boat is the fitting of the plank-ends 
into the stem rabbet and the regularity of the 
seams, which should be as small as possible. A 
large amount of putty in the seams and rabbets 
should be looked upon with suspicion, and split 
timbers should not be passed on any account. 

Equipment : What is Necessary. 

As this is such a very wide subject, we can 
only deal with those items which arc absolutely 
necessary in a motor boat for ordinary purposes 
on sea or river. 

Every boat should be provided with a pair of 
stout ash oars or sweeps, with substantial 
crutches and sockets. A boat-hook, fenders, and 
an anchor, cable, and mooring lines of suitable 
size should also be supplied, together with all 
usual metal fairleads on bow and stern, bollards, 
fl.igstaffs and sockets, a tri-coloured lamp for 
sea work or a set of side and mast-head lights 
on the Thames will be required if any evening 
cruising is to be done, but these are frequently 
treated as extras, and supplied by the owner. 

Cushions of some waterproof material should 
be supplied, and, if desired, they may be turned 
into life-buoys, provided the stuffing is of some 
material like kapok, which will float, and yet 
remain uninjured by water. Pegamoid, Panta- 
sote, or Leverine are all suitable materials for 
the covers of boat cushions, but if the boat is 
ever likely to be out in the rain, velvets and silk 
should be avoided. 

To get a Quotation from a Builder. 

If the craft required be a fairly large one, or if 
it be required for a special purpose, it is better to 
consult a naval architect, who will be able to deal 
with the whole matter, including the motor, or 
who at least would advise as to a suitable design. 
But if one does not care to do this, and if the boat 
required is of a usual size and type, any bo^t 
builder of repute would be able to satisfactorily 
meet requirements. 

The proper way to get a quotation is first of 
all to make sure of the local conditions, such as 
tideway rate, average depth of water alongshore 
— this can be ascertained from the Admiralty 
chart — existence or not of weeds; whether the 
water is usually sfnooth or broken, and so forth. 
All these are points which the builder will prol^ 
ably be better able to appreciate than the en- 
quirer can, so to the latter we would say that 
it will generally be sufficient to name the district 
for the former to form a pretty correct idea as to 
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$uttsdble type of ‘hUtl, both as to model 
-Me." Then, having got this, the builder 
be asked to quote for clench or carvel, 
pine, cedar, or mahogany, leaving the scantlings 
to him. Also get an opinion from him as to the 
pcifiver required. Do not necessarily take his 
advice as to the make or type of motor; but, 
knowing the power needed, write for catalogues 
and prices to those firms who make a speciality 
of marine motors, and show their confidence in 
themselves and their motors by advertising them 


as such. Lastly, rememb^t: Jdlat whjle there are 
many car-engkies advertised as marine motors 
which are suitable enough, ..there are more which 
are nothing of the kind. Therefore, don’t touc^ 
one that does not permit free access to the crank- 
chamber without taking down the whole of 
tricks ; nor with any speed above 800 or 900 
revolutions— 500 to 700 is even better— and, 
looking mostly for compactness and simplicity of 
design, don’t waste time, but buy it, and send it 
along to the builder of the boat." ^ 



" Gyrinus ” rsoina at Bumham. 




Wolseley'Siddeley/^ the 400h.p* racer in the Olympic Race, 1908. 
• The Duke of Westminster is at the helm. 
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THE CARE OF THE BOAT. 

How to Maintain a High State of Efficiency, 


Decking an 

If the boat is entirely open, and it is thought 
desirable to^deck her forward and aft lor sea 
work, many" owners may like to do tne work 
themselves, as it is by no means a diflicult job 
for those accustomed to the use of tools, pro- 
vided they will be content with a plain canvas- 
covered deck, and do not aim at producinf^ a 
regular narrow-planked deck with secret nailing 
and seams payed with marine glue. 

To fit a plain canvassed deck, decide on the 
amount of round to the beams, and get out 
a thin wooden pattern or template to the 
desired curve. Then lay this template on a 
plank of clear Oregon pine lin. ihick, and 
mark out the curve of a beam from the 
template, which should be about a couple 
of inches longer than the longest beam you 
will require, about 2in. in width in the centre 
and I Jin. wide at each end. A good curve for 
a deck is ^in. to the foot for llat-deck up to lin. 
to the foot for a deck with a high *‘crop.*^ A 
regular turtle deck may have as much crop as 
6in. to the foot, but these decks arc more diffi- 
cult to construct. 

Fitting the Beams, etc. 

When sufficient beams have been sawn out 
and planed up ready for use, their positions 
should be set out on the gunwale of the boat 
along each side, making the spacing about ift. 
apart. Care should be taken to ensure that 
every beam shall be square across the boat, and 
this can best be done by driving a nail into the 
ce/itre of the stem head, tying a small line to 
it, and marking on this line the position for 
the end of the after beam on one gunwale and 
then marking the corresponding position of the 
other end on the opposite side by means of the 
mark on the string. Chalk will show on tarred 
marlin, or pencil on a chalk line. Repeat this 
process for each beam, and then cut a dovetail 
for the ends of the beams for about half the 
thickness of the gunwale and equal in depth 
to the beam. 

When all the oeams have been cut off to the 
correct lengths and their ends fitted to corre- 
spond with the dovetails in the gunwale, they 
should be fixed in their places by means of a 
Skew nail through the side of the beam, passing 


Open Boat. 

through the dovetail into the gunwale. Now 
fair up the top of the beams by laying a batten 
over them in every direction and planing the 
beams down until the batten touches each beam 
and the gunwales fairly throughout its length. 
It was for this reason that the beams were cut 
out 2in. deep, when ijin. would have been 
ample for strength in a small boat, and we would 
strongly urge the amateur boat-builder to spare 
no pains in getting the tops of the beams per- 
fectly fair, and if necessary packing up the 
inside edge of the gunwales to give a fair sur- 
face for the edges of the deck to lie on, as an/ 
unevenness will only result in a poor job. 

Laying the Deck* 

The dock may be of |in. match-boarding if 
it is carefully selected and free from sap or bad 
knots. It will be best to start with the two 
centre plan planks, making the joint come on 
the centre line of the dock so that they can be 
easily fitted on either side of the stem head, 
first removing the stem band if theie is one. 
Each plank should be cut roughly to shape and 
well painted on the undcr-side, which has the 
bead on the edge. Then place it in position, 
holding it tightly in its place with cramps while 
it is being nailed along both edges and in the 
centre at each beam. 'I'he edges should be 
marked on top to show the outside edge of the 
gunwale, otherwise it will be difficult to space 
the nails eveniv. Stout galvanised wire nails 
will be found to hold better than anything else 
for this work, unless you ran obtain the twisted 
copper nails, but the latter are rather difficult 
to get and much harder to drive without bending 
them. Be sure and drive all the joints up closely 
before nailing, and afterwards plane the deck 
off smooth, after punching all the nails below 
the surface. 

Having planed off the deck and trimmed the 
edges to the shape of the boat, give it n good 
coat of priming, rubbing it well into all' the 
Joints. When this is dry, rub it down and stop 
all seams, etc., with putty, then give the deck 
a coat of thick white lead and varn!.sh laid on 
as tMckly as possible. While this is wet take 
a piece of stout calico sheeting large enough 
to r^er the whole deck? and stretch it as tightly 
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as possible along the centre line, first nailing 
it round the stem head and stretching it aft 
over the deck edge and nailing it down with 
|in. copper tacks. Now start at the after end 
and stretch the calico as tightly as you can 
across the deck and away from the stem at the 
same time, tacking it about every three inches 
over the edge of the deck, on to the top strake. 
As soon as it is evenly stretched all over, the 
calico should be trimmed off all round and the 
surface well rubbed down with the hand until 
the paint underneath shows through all over. 
It should then be painted over immediately, 
when the two lots of paint will unite and hold 
the calico down smoothly so long as the wood- 
work docs not shrink. The edges of the calico 
must be covered by a fin. half-round moulding 
of teak, American elm, or other hard wood, and 
this moulding should be carried right round the 
boat. 

Finishing Off. 

The after-end of the deck should be finished 
off with a |in. teak or American coaming about 
3in. high amidships, tapering to nothing at the 
sides. It should be carefully fitted to the gun- 
wales at the ends and well screwed to the after- 
deck beam, the joint between deck and coam- 
ings being stopped and afterwards covered with 


a quarter-round moulding in the angle. The 
calico should be well rubbed down with tine 
glass-paper as soon as it is thoroughly hard, 
and again coated with white lead and varnish, 
the process of rubbing down and painting being 
repeated at least four times, or until a surface 
like enamel is produced. The later coats of 
varnish and white lead should be lightly tinted 
with a little raw sienna carefully mixed with 
the white lead to give a rich cream colour. It 
will be found that this mixture of white lead 
and varnish not only sticks to the calico better 
than any ordinary paint or enamel, but it is also 
very hard and durable, and not liable to crack 
or blister. The foregoing instructions are for a 
fore deck with a straight after-edge and coam- 
ing square athwartships, as being the simplest 
form to J^uild. If, however, you are not afraid 
of a bit more work, the more eluant curved 
coaming may be fitted by fixing pieces of pine 
in the angles between the after beam and the 
gunwales, and shaping them to the required 
curve, the deck planks being then laid and 
trimmed to the same shape. A thin wood tem- 
plate should be bent into place and fitted to 
shape by which to cut out the coaming before 
it is steamed. If care and patience be exercised 
the result will be worth the trouble. 


Lockers. 


Every motor boat intended for pleasure pur- 
poses should be well provided with convenient 
lockers, in which all the various odds and ends, 
tools, stores, provisions, and what not may be 
kept, each in its proper place, where it is al- 
ways ready to hand. Lockers may be ol dif- 
ferent sizes and so arranged to utilise to the ut- 
most every corner of the boat where there is 
any spare space. A glance at most motor boats 
will at once show that very little of the avail- 
able space is used to the best advantage, A fore 
peak under the forward deck and a similar 
locker under the after deck constitute practic- 
ally all the locker accommodation on many 
otherwise well-designed and equipped boats, 
while others, in addition, have a small locker 
near the motor, containing the batteries. 

Where Lockers may be Pitied. 

When a boat is built without any sort of fixed 
scats or side benches whatever, it is, of course, 
almost impossible to find any place for a locker 
in addition to those under the decks forward and 
aft. In most cases, however, there arc several 
fixed seats of some description, and the space 
under them can easily be utilised for lockers 
without adding much either to the expense or 
weight of the boat. Let us suppose, for in- 
stance, that the boat has the usual decks at 
each end and also side benches and one thwart 
near the engine. The whole of the space under 
these seats may be shut in with light panelling 
of I'm. cedar, teak, or mahogany, to match the 
rest of the internal fittings. Doors should be 


fitted at intervals, and the space within parti- 
tioned off as may be most convenient. 

flow they may be Fitted, 

Near the engine should be a fairly roomy 
locker fitted with racks for all the spanners and 
other tools, all of which should be kept in good 
order and well greased. The smaller tools 
should be kept in a case divided into pockets tor 
each tool, similar to the leather tool cases sup- 
plied by the motor accessory dealers, but for 
this work the case should be lined wilrh a flannel 
throughout, and this lining should be kept in 
a greasy condition. A plain baize case will do 
if it is greasy, but it should be kept in an outer 
case of wood or metal, which should be as nearly 
air-tight as possible. The tool locker should 
contain racks for the oil feeders, and a compart- 
ment for cotton waste. A box of sundr}^ nuts 
and bolts, split pins, and other similar odds and 
ends should also find a place here. It should, 
however, be borne in mind that each kind should 
have a compartment to itself— -one does not want 
to hunt for a split pin among a lot of nuts. 

The Qailey and the Pantry. 

One locker should be arranged to hold a 
cooking stove and a set of cooking utensils, all 
of which must have their own proper racks, 
otherwise there will be a constant rattle of pots 
and pans all the time the boat is running. Next 
to the locker containing the cooking g^ar 
should be one fitted for the glass and table uten- 
sils, with a damp-proof box for the knives. 
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forks, etc. Another may be used for provisions, 
but for this purpose it must be dry and well 
ventilated, so the locker under the after deck 
will probably be most suitable for the larder. 
Finally, do not forget the wine cellar, which 


should be fitted with square compartments; 
and, if space permits, add an ice chest, which 
will add greatly to the comfort of a summer’s 
cruise or picnic in a day boat, while in a cruiser 
it is invaluable. 


Steering Gear. 


The Rudder, 

There are few parts of any vessel of greatei 
importance than the steering gear, no matter 
whcLlier she be an Atlantic liner or a motor 
dinghy. Inattention to the proper fitting of this 
portion of her gear has been the cause of endless 
trouble and annoyance in many a boat which 
would otherwise have been a source of unalloyed 
delight to her owner. The most important por- 
tion of the steering gear is undoubtedly the rud- 
der itself, afld in a motor boat there iSI*e many 
fx>ints to be considered before deciding which is 
the best type to use. We may roughly divide 
the motor-boat rudders into two broad classes, 
viz., those hung on a rudder post with a heel 
bearing or pintle, and those which merely hang 
below the underbody of the boat without any ex- 
ternal support whatever. The first type is usu- 
ally found on the smaller motor boats of the 
dinghy and yacht’s cutter type, and also on most 
auxiliary yachts and motor trading vessels, but 
they are by no means confined to any particular 
class of boat. They are most suitable for use 
on vessels whore strength rather than high speed 
or quick turning is the chief end in view. Tlicre 
is no doubt that this type is the strongest and 
least liable to injury, but against these good 
qualities we must put the extra weight and resist- 
ance of the rudder i3ost — usually of galvanised 
iron or bronze — and also the extra strain on the 
steering gear caused through the pressure on 
the rudder blade beingentirely abaft the centre of 
the spindle or rudder stem. The second type of 
rudder is always to be found on all modern, high- 
speed boats in which the afterbody is fiat and 
without deadwood, not only because it offers con- 
siderably less resistance tharv the older type, but 
also because it is the lightest possible form, and, 
when pro^jerly balanced, it is much easier on the 
steering gear than any other. Ot the many 
varieties of underbody rudder, we may take the 
slightly-balanced single-bladed rudder hung 
abaft the propeller as being at once the simplest 
and most suitable for general use on all sorts 
of high-speed boats although there are many 
other varieties. Before leaving the subject we 
would point out that it is very easy to get too 
much balance on a rudder, which causes the 
helm to fly over to one side if left alone when the 
boat is travelling at any considerable speed. 
This is especially noticeable when the rudder is 
very close to the propeller and not so far below 
the boat, for the spiral column of water from the 
screw strikes the fore edge of the rudder on one 
side and tends to turn the boat round. To remedy 
this defect one can either remove some of the 
balance, or place the centre of the rudder slightly 


out of line with the propeller and tail shaft. An 
extremely deep and narrow rudder is not so 
liable to this trouble, but it causes a fast boat to 
heel over very considerably if it is put over 
sharply, and it is also weak on account of the 
great leverage at the point where the stem enters 
the boat. 

The Rudder Head Gear. 

Whatever form of rudder one may decide on, 
it is most important that the actuating gear 
on the rudder head should be thoroughly 
efficient, although this is a point which fre- 
quently api>ears to be much neglected. There 
are four methods of transmitting the motion 
from the helmsman’s hand to the rudder: — 

(a) The direct tiller, which is naturally the 
simplest and most efficient, where the helmsman 
is placed close to the rudder and the size of the 
vessel is small, but it is unsuitable for large or 
very fast vessels. 

(b) The same tiller connected to a wheel in 
any suitable part ot the boat, by means of wires 
and leading sheeves. This form is very suit- 
able for ship’s or yacht’s boats, in which the 
steering is sometimes done from the stern and 
at other times from amidships, but great care 
must be used in fitting the leads in order to pre- 
vent the wires from becoming slack when the 
tiller IS hard over, and tight when it is in its 
normal position, or vice versa. This trouble 
can easily be avoided by the use of a sliding 
sheeve on the tiller, fitted with a pair of eyes, 
to which the wires are attached; then, when the 
tiller is put hard over, the sheeve slides forward 
towards the end of the tiller, and thus in- 
creases the power as the strain increases. Even 
with this slide there is usually considerable 
backlash in the wire, but on the other hand it 
is a simple and inexpensive fitting, and is not 
likely to get out of order. The wires may be 
connected with a wheel in the usual manner, 
or they may be simply attached to a vertical 
lever fitted near the engine in any con ver lent 
position. 

(c) In place of the tiller, a cross yoke is often 
used, but this is not a good arrangement, as it 
has not only all the objections to be found in a 
tiller, with a considerable increase of backlash 
as a rule, but it is also liable to jam hard over 
and lock when the boat is going full 
speed astern. A yoke on the rudder head 
connected with a second yoke and tiller 
near the engine is occasionally seen ; it 
used to be a very common form of steering 
gear in the older forms of sailing canoes, but It 
is not at all suitable for motor boats. 

(d) The fourth and most efficient form of 
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f^iMtler-'head filling for all motor vessels which 
«t^r with a wheel amidships or forward is the 
grooved wheel on the rudder usually to be 
foilnd in "most modern motor boats of any con- 
siderable size. This wheel is keyed on to the 
rudder head or stem, and the steering wires lie 
in the groove, the centre of the wire being at- 
tached to the wheel at the after part by passing 
it threxugh two holes in the groove and round 
a spoke, to which it is seized. The forward ends 
of the wire are taken to the steering wheel, 
which may have either a vertical or horizontal 
axis, according to taste. All the sheeves over 
which these wires are led should be of ample 
diameter and of galvanised iron if the boat is for 
salt-water use, as brass sheeves soon rot the 
galvanised steel wire. 

The Wheel. 

Steering wheels are of I wo general types, viz., 
the regular ship^s wheel with a horizontal axis, 


and the more modern motorcar wheel with a 
vertical axis, which is now usually fitted in 
motor boats with any pretensions to being up-to- 
date. One advantage of the vertical shaft—that 
being the one usually fitted on sea-going boats — 
is that it occupies less space than the horizontal 
type which is used mainly for river work* 
The old form of wheel was no doi^bt most 
suitable in the days when large vessels were 
steered by hand power alone, but not only dops 
it require more learning, but it is seldom as sen- 
siliv'e as the horizontal wheel with the vertical 
spindle. With the latter form all the novice has 
to remember is to turn the wheel in the direction 
he wishes the boat to go, and this is far easier 
to think of if the wheel turns horizontally in the 
same plane as the boat than it is when the 
wheel turns in a vertical direction and the boat 
turns in'.a horizontal direction, althnigh in both 
cases the w heel actually turns to the same side 
as the boat goes. 


Covering when at Moorings. 


Exposure to weather causes great deteriora- 
tion to the boat, especially with regard to tlie 
paint and varnish. 'Ihc evil is aggravated where 
the boat is likely to lie under trees or exj>osed to 
coal dust, drill sand, or other sources of giitty 
deposit, to say nothing of the paper and oth(‘r 
rubbish which may be blown or thrown into her. 

River Requirements. 

A cover of some sort is naturally the best cure 
for this evil. Where the boat is kept alongside 
a river bank, a complete waterproof cover, with 
side curtains surficienlly deep to just clear the 
water, can be laced tightly over the boat each 
time she is put aw^ay after use. Certainly the 
trouble of lacing and unlacing a cover of this 
sort is considerable, to say nothing of its weight 
and unwieldy nature if one has to do the work 
single-handed, hut, if properly made, such a 
cover will nearly double the life of the boat, 
and is well worth the extra trouble it entails. 

The cover for a livcr boat should be made 
of stout Willcsden or IVirkmeyer canvas, care- 
fully fitted to the boat, wdth openings at the bow 
and stern for the mooring lines to pass through. 
It should be cut so as to fit over a ridge pole 
extending from end to end of the boat and sup- 
ported on light X crutches from the bottom or 
seats of the boat. The sides should fit closely to 
the boat and should have a loose draw’-string all 
round to keep the lowxr edge tight to the plank- 
ing if the shape of the boat w^ill admit of this 
arrangement. A boat with a sharply raking 
slipper stern cannot have a cover kept tight 
with a draw-string, as it would be continually 
working up the slope of the stern. In this case, 
therefore, the owner must have cither Inshings 
passed right underneath the boat’s bottom or 
else one must trust to some small pieces of lead 
to keep the sides down.^ 


Covers for Sea Boats. 

The cover of a sea boat should always be ai- 
ranged in such a manner that a man can safely 
and easily get al>oard when the cover is in 
place and be able to cast off or secure the moor- 
ings without disturbing the cover. Such a cov^er 
may cither be made of the same material as 
suggested for the river boat, or it may prefer- 
ably be of regular sail coat material, i.c., can- 
vas dressed wath linseed oil, wdiite lead, and 
soft soap, or some other approved sail cover 
dressing which will render the canvas perfectly 
waterproof, without making it too stiff to handle 
and fold up for stowing away in a locker while 
under way. It would be difficult to rig up a 
ridge pole in a boat jumping about at moorings, 
so it wall be belter to have a flat covtT with a 
series of split l>amboo battens placed in trans- 
verse poc'kots across the cover about 3ft. apart 
and resting on the gunw’ales wdien the cover is 
in place. The sides of the cover should only 
overlap the gunwaale by about two or three 
inches, and they should be fitted with good-sized 
eyelets, to lace dtiwai to a scries of stout hooks 
placed just under the rubbing hand. The use of 
hooks instead of eyes is a great point, as they 
save all the labour of ri'inoving the lacing each 
time the cov’cr is put on or taken off. With 
hooks, the loop nr bight of the lacing between 
each pair of eyelets on the cover can be slipped 
over the honk on the boat, and when all is in 
place the lacing can he hauled taut and made 
fast at the stem or stern. For mooring pur- 
poses a piece of the cover over the mooring bol- 
lard should In' in the form of a loose flap, or else 
there should be a large opening in the cover to 
give free access to the bollard and fairleads. 

If a boat has to be laid up in the open or In a 
shed consisting of a mere roof without sides, 
something more than a canvas cover should be 
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used. A winter cover can be cheaply made of 
Jin. match boarding secured to a light strip of 
spruce bent round the boat and the whole 
covered with tarred felt. 

If the boat be an open one with no fittings 
projecting above the level of the gunwale, this 
cover may be flat, but if there be a cabin or 


other non-removable fitting the cover may be 
arranged as a pent roof with the ridge fore and 
aft. In this case it will simplify handling if 
the two sides be hinged along the ridge, taking 
care, however, that the joint is adequately 
covered with felt, but in such a way as not to 
prevent the two sides being folded together. 


Awnings* 


For Open Boats. 

The simplest form of protection from the sun 
is the plain canvas awning, consisting of a piece 
of Birkmeyer or Willesden canvas made of the 
same shape as the portion of the boat which it 
is intended to cover. If the awning is to be 
carried on single stanchions at each end, as is 
frequently Ae case, some means of extending 
the canvas transversely must be employed 
This is usually accomplished by inserting flat 
cross battens of light wood or split bamboo in 
pockets sewn on the canvas, then, by the use of 
light cords from the ends of each of the battens 
to the gunwale of the boat, the whole awming 
can be kept level and preventcxl from lifting up 
at the sides when caught by the wind. This 
form of awning- can also be used as a boat 
cover by lowering it down on the deck and lash- 
ing the cross battens to the gunwales. It also 
has the advantage of requiring only the two end 
stanchions, and of being easily stowed away in 
a small space when rolled up snugly round the 
cross battens. On the other hand, it has the 
great disadvantage of sagging down into a 
hollow’’ amidships, unless a very considerable 
strain is used to stretch it fore and aft, although 
this can be removed to some extent by the use 
of a light wire running under the battens from 
stanchion to stanchion, and from them to the 
deck at each end, where it is set up as tightly 
as possible by means of a pair of rigging screws. 
Even when stretched as tightly as possible, ihe 
best that can be made of it is a flat surface, 
wtiich will allow the water to collect and pos- 
sibly soak through in rainy w^eather, unless it is 
dressed with some heavy oil or paint dressing* 
which again will he a great obstacle to making 
it up into a small roll for stowing away when not 
in use. One of the best possible arrangements 
fhr a canvas awaiing, if the expenditure of some 
little time in putting it up is not a great dis- 
advantage, is one fitted with a central bamboo 

Painting and 

Cleaning Off Paint Work. 

Before the boat is repainted or revarnished at 
the beginning of the year the whole of the wood- 
work should be cleaned ofl thoroughly, and all 
the seams, etc., carefully overhauled as regards 
ithe condition of the caulking and stq^ping. If 
the boat is varnished it will be easy to ascertain 
the condition of the seams without removing the 


ridge pole extending between the two end 
stanchions over which the aw'ning is laid, and 
the sides extended on flat transverse battens as 
before; but in this case the cross battens should 
be steamed to a curv’e so as to give the whole 
awming an arch capable of shedding any amount 
of rain. If, in addition to the arched cross 
battens, the canvas is dressed lightly with a 
couple of coats of linseed oil, mixed with a little 
white lead, it will be quite impervious to wet. 

A wnings for Larger Boats. 

When it comes to dealing with motor yachts 
of any considerable si/e, one probably has to do 
with a vessel provided with masts of some de- 
scription, which greatly simplify the arrange^ 
inents required for the awnings. If, in addition 
to the masts, the vessel is large enough to have 
fixed on her bulwarks stanchions and rails high 
enough for the sides of the awnings to be laced 
to them direct, one can then fit a regular awn- 
ing with a good pitch, similar to those in use 
on large steamers. In this form the awning has 
a stout ridge roi>e down the centre, to which at 
intervals are attached a number of lines, with 
their ends meeting in the centre a few feet above 
the ridge rope, and forming what is known as 
a crow’s foot, which is kept taut by means of a 
couple of lines to the masts so arranged as to 
give a considerable upw’ard pull.' The sides of 
the awning are then laced out taut to the rails 
or w'ire ropes running through the stanchions on 
the bulwarks. The best form of crow’s foot 
consists of a small vertical piece of hardw’ood 
full of holes, through which the various lines 
suspending the ridge rope are run, and thus 
free to adjust themselves to the various strains 
along the whole length of the awming. An awn- 
ing of this description can be suspended from 
a single mast, provided there is a strong 
stanchion to take the pull at the other end, but 
in this case the lines forming the crow’’s foot 
require very careful adjustment. 

Varnishing. 

varnish, and if they are in good condition all 
that need be done is to clean and rub down the 
existing varnish before applying the fresh coats. 
This may be done by scrubbing the whole boal 
with a strong solution of Hudson’s extract, ar 
with soda and warm water, to remove the dirt, 
finishing with clean rain-water to take away 
all traces of the alkali, which would spoil the 
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new varnish if any of il remained on the wood. 
If the existing- varnish is in a bad state, blis- 
tered, or discoloured, it will be best to remove 
it entirely by the use of one of the many deter- 
gents on the market. 

The Use of Detergents. 

When using a detergent be careful not to get 
any of it on your hands or clothes, as many of 
them cause a severe burn, although there are 
now some preparations which are quite harm- 
less in this respect, while retaining the full 
powers of the old caustic soda and lime mix- 
tures so far as the removal of paint is concerned. 
Caustic soda and quicklime used to be the 
favourite paint remover in the early days of 
yachting, and is known as soodgee-moogee ’’ 
in the language of sailor-men. Another great 
objection to the old style of paint removers 
was their tendency to stain the wood if they 
were allowed to stay on too long, and also 
the difficulty usually experienced in remov- 
ing all traces of alkali belore the new paint or 
vurnish was applied. A good wash of strong 
vinegar and water will neutralise most of these 
preparations, but this in its turn must be 
washed off thoroughly with soft water. 

Rubbing Down. 

When the surface to be painted has been tho- 
roughly cleaned, either by washin,g or by the 
removal of the old paint or varnish, all nail- 
holes, cracks, and seams that require it must be 
carefully stopped with putty, which, in the case 
of varnished work, must be coloured to match 
the wood. As soon as this stopping is hard the 
whole surface of the boat must be rubbed down 
with either fine glass-paper or pumice-stone and 
water. If the old varnish is in good condition, 
pumice-stone powder and water alone will be 
sufficient to clean the surface and to rub it down 
at the same time ; but with hard paint the solid 
pumice-stone must be used, finishing off with 
the finest glass-paper or pumice-powder. If a 
boat is to look really well, too much labour can- 
not be expended on preparing a perfect surface 
for the varnish, as on this depends most of the 
excellence of the result. By the way, do not 
forget that if there are any holes, etc., to be 
stopped the places must be given a thin coat 
of varnish or paint as the case may be before 
the putty or stopping is applied, otherwise it 
will not stick to the old paint or wood properly. 
The above instructions are chiefly applicable to 
varnished work, but will usually apply to paint- 
work as well unless the latter is in a very bad 
state, in which case it will be necessary to burn 
off the old paint with a blow-lamp, or else to 
scrape it off. When scraping woodwork great 
care must be taken not to scratch the surface, 
or it may be difficult to get the marks out again 
without planing up the whole boat. 

Varnishing. 

Varnishing is an art which is little under- 
stood by many of our roast boat-builders, and 


still less by the ordinary yachtsman. To see 
it at its best we must go to a coach builder or to 
some of our best I'hames boat-builders, al- 
though even of these there are only one or two 
who are superlatively good. Varnish should 
not be applied in a hot sun, although moderate 
sunshine is beneficial. Again, it must on no ac- 
count be done in frosty weather, unless it is in 
a well-warmed shop, as frost will ruin any paint 
or varnish when drying. Paint does not require 
so much care as varnish, and should be applied 
in thinner coats, equally well rubbed in, the 
final coat being composed of white lead and the 
best varnish, tinted to taste, except for black 
and dark-coloured boats, for which some of the 
various enamels are best. The usual instruc- 
tions as to varnishing are to take as little var- 
nish as possible on the brush, and to lay it on 
as thinl35 as possible on a perfectly^idry surface. 
The correct method, however, is to first care- 
fully wipe over the work with a damp chamois 
leather, and then apply tlie varnish as quickly 
as possible. The varnish should be applied 
fairly thickly, and worked backwards and for- 
wards until the brush almost sticks to the 
surface. A quantity of whiting should be used 
on the glass-paper when rubbing down each 
coat. This whiting will fill up the pores in the 
former coat, whilst at the same time preventing 
the glass-paper from sticking to the varnish, 
and the rubbing over with a damp chamois 
leather will remove every particle of dus^ re- 
maining. 

Several of the enamels now on the market are 
very good for boat work, but our experience has 
been that for light colours a white lead and 
copal varnish paint is the most durable and 
easily applied of any. 

It is very false economy to use anything but 
the best paint and varnish on a boat; interior 
paints soon change colour or blister, while poor 
varnish turns while or “ blooms ” directly it gets 
a good wetting. 

out Work. 

The appearance of any boat is greatly im- 
proved by a gold line round the top strake ; and, 
in certain cases, by a small amount of gold 
scroll work at the bow and stern. The worst 
of it is that many people never know where to 
stop when they once start gilding, and simply 
plaster the whole boat with florid and inartistic 
gilt mouldings and masses of ornament fre- 
quently without either taste or design, the 
effect being merely tawdry and vulgar. 

In painting a motor boat, as in every other 
forai of decoration, good taste is essential, and 
it is easy to sum up the owner’s sense of the 
fitness of things Iw the w^ay in which he has 
his boat gilded. Therefore do not overdlo the 
gilt-work on your boat, and remember that for 
sea work even less is permissible than on the 
river. 

The general practice for yacht’s launches and 
other small sea boats is to have no gilding be- 
yond a narrow gold line about lin. above the 
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lower edge of the top strake, without any scroll 
work at either end, except perhaps a spear-head 
to finish off each end of the line. For a 25ft. 
boat the line would be only about |in. in width, 
and it should be in a slight hollow worked in 
the plank, which greatly enhances the effect by 
catching the light at all angles and at the same 
time protects the gold leaf from injury. For a 
river launch the gold line may be supplemented 
by the addition of a neat and artistically-de- 
signed scroll at bow and stern, provided the 
scroll is small and simple in character. 

The BoaVs Name. 

It is also necessary to have the boat’s name 
on both bow and stern to comply with the 
Thames Conservancy regulations. The gilt 
work can therefore be so arranged that it does 
away with abrupt ending of the li^e at the 
name by means of a very small bit of scroll, 
and a slightly larger scroll may also be placed 
between the name and the stem, and at each 
end of the name if it is on the transom of a 
square-sterned boat. While on a round or canoe 
stern the name, being on each side, can bo 
treated in the same style as it is on the bows, 
but with slightly less ornament. Many owners 
of river boats, especially if they are yachtsmen, 
prefer to keep to the simpler and quieter fashion 
of the sea, and only have a plain line and the 
boat’s name without any flourishes. 

Working a Gold Line. 

Having decided on the width of the line and 
its position on the top strake, get a square bat- 
ten or strip of wood long enough to reach from 
end to end of the boat. This batten is then 
lightly tacked to the top strake just below the 
lower edge of the line, care being taken that it 
is perfectly fair with the sheer. A fin. round- 
soled plane should now be borrowed. (We say 
borroived advisedly, as many copper nails are 
likely to be met with, and these have a 'certain 
effect on the plane which one would prefer not 
to see on one’s own tools.) All nails which come 
in the line having been punched home about 
iin., the hollow line can be cut with the plane, 
using the upper edge of the batten as a guide, 
and finishing off the ends with a small flat 
gouge, the whole being well rubbed down with 
glass paper of various degrees of fineness 
wrapped round a piece of wood cut to fit the 
hollow. 

When the hollow is finished as smooth as pos- 
sible it must have a coat of paint or varnish, as 
the case may be, and when this is dry all nail 
holes, etc., must be carefully stopped and the 
hollow again rubbed down and coated until a 
perfect surface is obtained, matching the rest of 
the boat. As soon as the last coat is dry, the 
hollow and all the surrounding surface must be 
thickly dusted over with whiting to prevent the 
gold leaf sticking to the rest of the paint or 
varnish. Now, with a fine brush and a steady 
hand, give the hollow a coat of gold size and 
chrome yellow laid on as smoothly and with as 


clean an edge as possible. When this is “tacky** 
or just beginning to dry, lay on the gold leaf 
either with the proper flat brush used by gilders, 
or, if it is a windy day, by means of waxed 
paper, on which the leaf may be bought ready 
for use. The latter method is the easiest for 
amateurs, but the other way produces rather 
better results. When the gold size is dry the 
gold line may be polished gently with a soft 
camel-hair brush, which will remove all super- 
fluous gold leaf and leave the line clean and 
smooth. On no account touch the gold until 
the gold size is dry, or you may spoil it unless 
you have had considerable experience. 

Anti- Fouling Composition. 

One of the principal elements of speed, espe- 
cially in motor boats of moderate power, is a 
smooth bottom coated with some preparation 
which will prevent the growth of weeds and 
barnacles. Unfortunately, owing to the trouble 
and expense of hauling a boat up, and rubbing 
her down and rccoating her, whenever she is 
inclined to get a bit foul, many boats are al- 
lowed to get into such a state that their speed 
is seriously decreased. Probably no composition 
will absolutely prevent fouling for a whole sea- 
son, as those compositions which are most effi- 
cient in preventing the growth of weeds, etc., 
usually owe their efficiency to the fact that the 
surface is always wearing off or exfoliating and 
thus exj[ 30 sing a constantly fresh, clean surface 
to the water. Naturally, this wearing away of 
the surface must end in the disappearance of the 
composition after a few months’ use. Another 
objection to some of the earlier compositions 
was their rough surface after a short exposure 
to the water, and as a smooth surface is most 
important, this was a serious disadvantage. 
Copper sheathing is one of the best surfaces ob- 
tainable, as copper not only exfoliates in salt 
water, but it also keeps its smooth surface if 
the bo.it is in constant use. Even copper, how- 
ever, must be scrubbed once or twice in a sea- 
son, and it is not so good in fresh water as in 
salt. 

Coating the Bottom. 

If it is important to obtain a perfect surface 
on the upper part of the boat for painting and 
varnishing, it is ten times more important for 
the under-water surface, as on this depends 
much of the speed of the boat. Therefore all 
the bottom must be rubbed down, stopped, and 
coated with the best paint, until the surface iS 
as smooth as glass, and as this surface has to 
stand the constant action of the water, ample 
time must be allowed between each coat of paint 
to ensure the previous coat being perfectly dry 
and hard. Once a perfect surface of this sort is 
obtained, it is not difficult to keep in good con- 
dition, but it should be looked at onoe or twice 
during each season and any bad places touched 
up. On this paint surface the anti-fouUng com- 
position should be carefully laid In accordance 
with the maker’s directions, which vary with 
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djff^rent brands, the principal makes being Hol- 
izapfel’s, Blakes^ Algicide, and Jesty’s oomposi 
tions. Copper dust laid on varnish is, not only 
a iirst-rate anti-fouler, but it has also an excel- 
lent surface like blacklead. To apply it, first 
turn the boat bottom up and give her a coat of 
the best varnish over the paint surface, and as 
soon as this gets “ tacky ” pour the copper dust 
all over it, sweeping it gently to and fro with a 
large soft brush until no more will stick to the 
varnish. Two coats of this preparation should 
be applied, with an interval of 24 hours between 
them. . , 

To Pot-lead a Boats Underbody. 

For racing purposes a boat is often black- 
leaded. Almost every yachtsman has his own 
methods and ideas, but these may generally be 
narrowed down to two ; the first one being to mix 
the desired amount of pot-lead with enough thin 
shellac to give it a syrupy consistency, applying 
the mixture with a soft brush and rubbing it 
with a cloth after it dries. Sometimes dry 
graphite is dusted over the varnished coat before 
it is quite dry; when, if the resulting surface be 
not perfectly smooth, a light “ going-over ” 
with very fine sandpaper will produce the desired 
result. The second method— and perhaps the 
more satisfactory— is to varnish the hull with 
shellac mixed in alcohol, so as to give a “ tacky ” 
surface.' On this, graphite is dusted through a 
muslin bag before the shellac is dried. When 
dry, the surface may he rag or brush polished. 
In this way, small areas may be treated at a 
time, or one man may varnis'/i whi/e another 
follows up with the duslin^-ha^^, so that the 
different coatings do not have a chance to dry 
before the graphite is dusted on. 


Sundiy Advioe* 

Remember that a smart appearance counts 
for much. 

All brass work must be cleaned every day if 
it is to look well, and nothing looks so slovenly 
as dirty brass work. If it cannot be kept up 
properly, it is better to let it turn black and then 
carnish it, when it will become a dark bronze. 

If the flooring is covered with linoleum, it 
should be varnished to preserve it and to keep 
it clean. Gratings should not be varnished if it 
is possible to keep them scrubbed, but they must 
be scrubbed every day or they will turn black. 

Do not attempt to patch up shabby paint work 
with a few brushfuls of paint here and there on 
the w’orst places. The result will only show up 
each bit^of new paint with great clwirness; it is 
better to give the boat a coat all over at once and 
make a job of it. 

If the boat is to be painted outside, she .should 
be thoroughly stopped and rubbed down with 
two or three coats of priming until a good sur- 
face is obtained, then give her two coats of the 
intended colour made by mixing pure white lead 
and the best copal varnish and tinting to taste 
for the finishing coats. 

All varnish and paint work should be most 
cavefuUy cleaned every morning with n chamois 
leather, and in the case of varnish, a lick over 
with a brushful of varnish should at once be 
given wherever there is the slightest sign of a 
bare place, otheiwise the wood will soon turn 
black or grey, and it may be impossible to put 
it right afterwards. This is especially the case 
with oak. 



a 200h.p S metre racer tbat competed at Monaco in 1907. 
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DESIGNS. 


An 8-metrc Racing Cruiser. 




This boat was launched during the 1908 sea- 
son, having been built to the M.Y.C. restrict(‘d 
class, or 8-metre international racing cruiser 
class as it aiterwards came to be called. She 
was fitted with a I'hornycroft four-cylinder motor 
of 4 5/32in. bore (lobinm.), developing about 
4oh.p., and she attained a mean speed of 
20.092 knots in a measured mile trial, and on 
more than one occasion averaged 193 knots 
right through a race. She was certainly the 
fastest lx>al of her class, and though the next 
season will no doubt see her perfivrmances 
eclipsed, she must be. considered one of the most 
remarkable fast launches of her time. 

Her length is 26ft., beam 5ft, 4in., frt'cboard 
amidships ift. 7in., draught amidships Sin , ex- 
treme draught ift. pn., and displacement about 
lycwt. The hull is of ^in. cedar, with steamed 
American elm frames. The stern doadwcxids, 
floors and tube chock arc of English oak. The 
design closely resembles an earlier Thornycroft 
boat, “ Scolopendra.” The latter was a 30- 
footer, and “ Ci>rinus ” mav be regarded as the 
same hull with 4ft snubbed oft the bows. The 
bow in consequence lo<dvs extremely bluff, as 
indeed it is near the deck line, but she is in- 
tended to lift to the curve of the foreftxit at full 
speed and she may then be regarded as a 30ft. 
boat that lifts the first 4f(. of her length when 
running. The ’midship section is a flat V, 
which form is extended remarkably far forward, 
while aft the sections become flatter and flatter. 


The stern is of the “ beaver tail ” form and not 
extremely wide. As already stated, the maximum 
beam is 5tt. 4in., but on the water line it does 
not much excecxl 4ft., the ('xtra beam required 
to bring the boat inside the class rule being- made 
up 111 flare. The hull is a direct contradiction to 
the double- w^edge type so favoured abroad, but it 
is certainly an extremely easily-driven form, and 
on more than one occasion proved capable of 
being driven at full sjx'cd in .1 very nasty .sea. 
The boat is decked in fore and aft and provided 
with watertight bulkheads, and, to improve her 
sea-going capabilities, the side docks are fairly 
broad, giving a narrow cockpit, whidi is sur- 
rounded by a rather high coaming. She has 
very light timbers spaced about 3in. apart, and 
the engine bearers run the whole length of the 
boat, making her very stiff; further, it should be 
noted th.it the engine is inst.'died, fairly far for- 
ward, on a slant, being coupled direct to the pree 
peAler shaft without any universal joint. The 
clutch has no spring, being he\d in engagemimt 
by the thrust of the projxAlcr. 

The heavier tail stern made the rudder ar- 
langemcnt rather difficult ; it has, however, been 
got over as showm in the illustration, the lines 
being t.aki n through the stt‘rn to the wheel, 
which is mount(‘d on a beam athwart the cockpit, 
(his beam helping to stiflen the Ixiat consider- 
ably. The design w'as by Messrs. J. I. Thorny- 
crolt and Co , but the boat was built by May* 
nard, Chiswick. 



fANUAL. 
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“ Dixie.” A -40ft. Racing Boat. 


We now have an example of an out-and-out 
racing boat built without any restrictions what- 
ever except a 40ft. limit of length. The tyjxi 
differs materially from the accepted British and 
Continental forms, but is a very favourite one in 
America, and for pure case of driving is pro- 
bably as good as any that can be devised. The 
salient features of this very b('autiful design are 
small be.ain, round bottom, and fine ends. So 
far as the bow is concerned, the fineness is no- 
thing abnormal, at any rate below water, but 
her stem is very different from that generally 
adopted in the fastest motor bo.its in this coun- 
try and in I'rance. No doubt it is a beautifully 
clean run, but whether it is the best form for 
very high sjx^eds is open to argument, especially 
in the case of a boat intiaided for a heavy engine 
Probably such a stern is excellent for a moderate- 
powered boat, and especially when there is ample 
stability owing to low <‘ngine weights and a fair 
amount of beam, but in “ Dixie ” we have very 
little beam and very high engine weights; con- 
sequently her fine stern - while it may be very 
easy in a sea — does not h(‘lp her much in the 
matter of stability, especially as she has an un- 
usually barrelly type of middle body. That this 


is no mere surmise is pioved by her well-known 
crankn<‘ss. But f(vr smooth W'atcr work wc doubt 
if the design could be improved upon. A point 
to which we would like particularly to draw 
our readers’ attention is the beautiful fairness of 
her lines, and espeiially of her sections as shown 
m the body plan ; although they may be wanting 
in stability they are perfect of their kind, with 
the most harmonious ('hanges from bow to stern. 
Here are no suddi n transformations of a V into 
a flat, or a circular bottom into a wall side with 
an abrupt flare on the extreme lop, as we find in 
so many rating motor boats, but everywhere the 
lines are such as must jilcase the most fastidious 
naval architect accustomed to yacht w'ork. Given 
more s'lability by means of lower engine w^eights 
and extra beam, we have in “ Dixie ” a far more 
s(Tvic('able type of boat than that evolved by the 
designers of most of the successful European 
racing motor lx)ats of high power, but i<t is to he 
feared that lower engiiu; weights are impossible 
with the p<nver required, and more beam would 
seriously interfere with speed, so that for the 
exalting conditions of English and French rac- 
ing the double V type is probably the best, and 
likely to be rct.iined. 
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Single-handed Motor Cruiser “Louise.*' 


This little cruiser has proved herself a most 
able boat for sinfj^le-haiidcd work, and her e.\- 
tremely light draught enables her to cruise in 
shallow waters, where an ordinary cruiser of 
hei tonnage would be unable to go unless fitted 
with a centreboard, ('ontrary to expect.ition, 
shi‘ has prov(‘d a ver\ able little boat to wind- 
ward, and for general sea work, being fast 
under sail, and her spiu'd under power only is 
over 57^ knots. She is fitted with a small two- 
cylinder Fafnir engine, placed in the cockpit, 
with a casing o\er it which forms a seat. The 
cabin has ample room to sit upright on the 
sofa berths. 'I'he latt(‘r are of full length, and 
ifl in width. Forward ot the cabin is a fore 
peak, font. lining the cotiking stove, and a large 
store cu|)lK)<ir(l or pantry. There are also 
several other laige lockers aft She has a sloop 
rig with low’ering mast, and tlie m.ast being 
fitted in a steel l.ibernacle or case on deck, docs 


not interfere in any way with the accommoda- 
tion below. A boat of this type is very well 
suited for use on the Norfolk Broads, or for any 
shallow estuaries, and “ Louise ” has twice 
made a passage from the "ITiames to the Isle of 
Wight, which is no light undertaking for so 
small a boat. 

Her leading dimensions an' : Lc'iigth o.a. 
J5ft , l.w’.l. 2()ft., depth 6ft. I in., and displace- 
ment 2 I tons. The lines are very pretty and 
the cano<‘ stc'rn looks extremely wi'li in a bo<it of 
thi'^ t\p(‘. .She could easily be run single- 
handed if necessary, though her accommodation 
is amjile lor two people Small and ini'xpen- 
sive, she represents ,i type ot htth* wc-ek-end 
cruiser within the means of almost any one 
The upkeep w'ould be very small iiulei'cl, and 
before long w’e expect to sec a ^''re.at manv such 
boats about. Messrs. Linton Hope and Co. are 
responsible for the design 
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A Small Clyde Cruiser. 


* 

This interesting little cabin ciuiser 
the designs of which arc by Mr. C. L’Estrangc 
Ewen, 45, Hope Street, (Glasgow, and whicii 
ajipear herewith, was built early in the season 
ut 1908 at Tighnabruaich lor a well-known Clyde 
yachtsman. 'I'he leading dimensions of the boat 
are 3211. on the water line by ylt. 7111. beam and 
5fl. 4111. in depth from the top of keel to under- 
side ol deck. In the designing of “ lola ” speed 
has tak(‘n second place to comloit and sea- 
worthiness, with the r<‘sult that she has been 
given good fretdioard, fiearn and draught and a 
hand) auxiliary rig — all necessary features in a 
boat which is expHX’tc'd to cruise in all weathers. 
Hie speed obtained is nearly s(‘ven knots, al- 
though only loh.p. is installed. A small 
auxiliary sail plan consisting of mainsail and 
jib is provided, giving a sail spiead of 22b square 
leet, and this has been found ample by the owina* 
w'hen he has desired to use sails d'he accom- 
modation of the vessel starting from foiward 
givf's a looniy forecastle with excellent accom- 
modation for one man and his belongings, to- 
g(lher with the usual chain locker, stciwage 
jilaces and galley and cooking utensils. It ma) 
be of inteiest to note that so oasih is a cruiser 
of this t\pe handlcHl that the owner has not yet 
found it necx'asary to ship a paid hand. The 
main cabin is situated <imiclshi[)s and is dividend 
fta^m the forecastle by a bulkhead and sliding 
door. The forecastle may also be entered from 
rhc' deck through a hatchway. The cabin has 
full standing headroom under the skylight and 


ample locker and other accommodation, and pro- 
vides excellent sleeping berths for two. In the 
centre of the cabin a folding table is fitted for 
use during meals. From aft, the main saloon 
gives access to a passage way communicating 
with the engine-room, on the starboard side of 
which accommodation has bt^en found for a 
roomy lavatory, while on the port side is a hang- 
ing place for oilskins or other clothes. Another 
convenient fixture also finds space in the passage 
way in the shape of a commcxlious chest of 
drawers, this being a very necessary feature" 
which is (.>nly Ux> rarely found on these small 
boats. Aft of ibis passage way the engine-room 
is <‘ntere(l through a sliding door, and the space 
here given is very ample, giving every access to 
.ill parts of the motor and accessories, whilst at 
the same time providing excellent seating ac- 
commcxlation, with tool cupboards and lockers 
lor spares. The |x>wer installed is a loh.p. 
p.iraffin motor fitted with reverse gear and solid 
propeller. Ihe engine exhaust is carried to the 
deck and ihcncc to the lunnel, which is placed 
amid^ships. Th(‘ cockpit is entered through a 
pair ol folding doors aft, and here sealing is 
provided for six [lersons. Since launching the 
boat has been in constant use and has made ex- 
tensive cruises, not only on the Clyde but 
throughout .almost the entire length of the west 
coa^t of Scotland, w'herc* at times she has bexm 
subjected to cxccptioncally sevi^re weather and 
has acquitted herself in a way that has won the 
.ipproval of the most jirejudiced sailing men. 
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Shallow-draught Passenger Vessel. 


'fliis vessel \v;is designed for passenger service 
n the Adriatic, where shallow draught is a 
necessity, while at the same time the vessel 
must be able to face a certain amount of sea 
occasionally. She is a steel vessel 70ft. in length 
by 14ft, beam, with a modified tunnel stern, and 
is from the Ixiard of Messrs, Linton IIo^x" and 
Co. She has a cargo hold forward for passen- 
gers’ baggage and a small amount of general 
cargo. Forwaid of this is the crew accommoda- 
tion under a taised forecastle, with a w.itei 
ballast tank for trimming when the hold is 
empty. Aft of the hold there is a spacious en- 
gine-room with steel floors and large engine 
room skylights, and abaft this again the officers ' 
quarters, together with a large store room 
On dock there is a cabin forw^a^d with .accom- 
modation for 25 passengers, but as she is onl\ 
intended for short trips there is no sleeping ac- 
commodation for the passengers. The cargo 
hatch between this cabin and the raised fore- 
castle gives access to the hold, a small derrick 
being fitted if requircxl on the short mast for 
working the cargo The roof of the saloon is 


carried right aft, forming a shade deck ; this 
shade deck is carried out to the rail of tht* vessel, 
forming a shelter on each side of the saloon. 
The line of this roof is brokiai b^ the pilot house, 
which is raised some 3ft. above the nnif of the 
saloon. The pantry and galley is placed on the 
[)ort side, oixming into the saloon, and therc^ is 
the usual lavatory on deck. Aft of the ])ilot 
house is a funnel, which contains the (‘\hausl 
silencers, and two large ventilators are fitted in 
the engine-rcxiin skylight. Alternative plans 
have been submitted for fitting this vessefl eithc^r 
with a single four-cylinder 6oh.p. Dan engine, 
which would give her a speed of about eight 
miles an hour, or two engines of the same txiwer 
to obtain a speed of 1 1 miles. The latter scheme, 
howevc^r, is not recommended, owing to the 
beam of the vessel being only 14ft., which would 
make the engine-room rather cramped, 'fhe 
vessel wall be fitted with a solid proprfller or pro- 
pelh'rs, driven through a powerful reverse gear, 
the limitation of the draught preventing the use 
of a reversible firopeller. The heavy type of 
engine is well adapted for hard passenger work. 
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La Vague.” A Fast Motor Yacht. 


This vessel belongs to the full-powered motor 
yacht class, and combines good sea-going quali- 
ties with a very fair turn of speed. Her length 
is 54ft. and, fitted with a .joh.p. Gardner })araf- 
fin engine, she is capable of about ii knots. For 
her size, accommodation, and speed, she is not 
an expensive boat, and there is, we are con- 
vinced, a great future for her and others of her 
type. She was built by Messrs. Turner Bros., 
Kingstown, and has, we believe, the distinction 
of being the largest motor yacht built in Ire- 
land. The hull, with the greatest <lopth well 
forward and a very easy run, is a good type for 
speed, while there is plenty of beam for sea- 
worthiness, enhanced by ample freeboard, 
especially forward. The sheer is pleasing, and 
combined with a fairly low c.ahm tc)[), makes a 
very handsome boat. 

In the fo’c’slc are two folding cots and lockers 
giving sufhcl('nt accommodation for a coujile of 
hands. Aft, and divided from the forecastle by 
a bulkhead, is the engine-room, reached from 
the deck and giving ample room all luund the 
motor. To economise space the after end of the 
room is recessed as shown to talse the it verse 
gear, thus saving a good deal of space. At this 
point is a double bulkhead completely shutting 
off the crew’s quarters and engine from the rest 


of the ship, and aft of it is a ladies’ cabin con- 
taining two beds and ample kicker accommoda- 
tion, etc., and very v\ell lit by ports and a sky- 
light. Here and throughout the passengers’ 
quarters there is ampk' headroom. 

Aft of the ladie?)’ cabin is a lavatory to port 
and a dres.ser to starboard, and aft of that again 
is the owner’s cabin, containing a good-si/ed 
bed, a scat and wardrobe, dressing table and 
wash basin. There is also ample room for a 
chart table if desired. Next comes the dining 
saloon, 7ft. pin. long and very comfortably 
fitted. A small companicHi leads to the little 
cockpit att, which is of the self-draining type. 
There are skylights and ports to both the 
owner’s cabin and the saloon. Finally the cabin 
top, being level, makes a v(‘ry nice promenade 
deck. The stcH^ring wheel is fitted at the for- 
ward end of the cabin top 

The whole boat has been designed for comfort 
lather than for m.iximum accommodation. For 
example, two berths might easily have been put 
in the owner’s cabin, and by altering the ar- 
rangement of the saloon a couple more could 
have slept there. But the l)oat was built to 
individual requirements, and must be considered 
a very w(‘ll-arranged and comfortable vessel. 
Mr. A, Sheppard is responsible for the design. 


B3 
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“Trident.” A 64 -ton Motor Yacht. 


One of the largest full-}K)\vercd motor yachts 
}ef built in this country is “Trident,” a boat 
that was completed towards the end of last sum- 
mer, and which made a very favour.ihh^ im- 
pression amonj^ yachtsmen. 

She is 77ft, in lenjij^'th, i^tt. loin beam, and 
Sft. in depth, with a draught of 5ft. 4m., and, as 
her plans show, she is a jx>werfu:l-lookmg vesstd 
with plenty of freelK>ard. 

With the exception of th(' deckhouse, there i^ 
practically no superstrucl ui e, so th«it the wind- 
age is less than usual in a boat of this type, and, 
moreover, she should roll very little. An 
<iu\iliary schooner iig is providi'd, the sad plan 
being roughly indicated below. 

Very good deck space is provided, there being 
a for<n:astlc deck forward with a hatcdiway lead- 
ing below ; then comes the decldiouse, with 
companion ladder leading to a ladies’ cabin 
below. Aft of the deckhouse is the “ bridge',” 
or, rather, its equivalent, a steering platform ; 
abaft this is the funnel, then the engine-room 
hatchway, and right aft hatchway leading to 
the saloon and remaining cabins, etc. No cock- 
pit is provided, as it is quite unnecesviry in .1 
i)oat of this si/e. 

Below', the accommodation is very well ar- 
ranged, though with a view to comfort rather 
than to cramming in the maximum number of 
passengers possible. In the foiecastle, which is 
exceptionallv roomy, and has ( 31 1 . c)in. hc'.ichoom, 
are four folding cots, wdiile two (kx^irs in the 
forecastle bulkhead lead respective!} to th(' 
galley and dresser and to the c.iptain’s cabin 
The latter is of ampU* si/e, and is fitted with a 
folding cot, wash basin, and chart table. Here 
(he crew's quarters end, and are, it will be seen, 
completely isolated from the* rest of thi' ship. 

'I'he dt'ck saloon is entered from either the jKiit 
or starboard, and contains an ('xtremely comfort- 
able lounge seat and table, with, as alread} 
stated, a companionw^ay h'ading to the ladies’ 
quarters, consisting ot a very large double cabin 
with wardrobe, etc., all completely self-con- 
tained. Aft of the ladies’ e.ibin, and double- 
bulkheaded off from the rest ot the accommoda- 
tion, is the engine room, ol wdiich more anon. 
To gain access to the rest of the ship it is neces- 
sary to descend through the hatchway right aft. 
At the bottom of the companionwaiy is pantry 
and lavatory accommodation to port and star- 
board respectively. In<. the stern is a general 


store, and forward a double door leads into a 
good-sized saloon wdth two sola berths, a folding 
table, and a lire])lace 

Theit' ai(' two doors in the lorward saloon 
bulkhead, the one to port leading to a large stale 
room, Uiat to startx)ard giving dccess to the 
owmer’s cabin, her a b4-ton boat this is reall} 
surprisingly large, containing, besides a 
thoroughly comfortalile berth, a lounge seal, 
writing table, and a drying cupboard cunningly 
arranged behind tlie saloon stove, where plent\' 
of heat is available. 

A great point about the cabins is the amount of 
headroom. The deck saloon, for instance, wdth 
Its floor sunk below’ deck k'\el, gives 6ft. 3111. 
clear, while tlu’re is ()tt. headioom in the ladies’ 
cabin helow’, and 7tt. in all the remaining cabins. 

d'he boat was built by Messrs. Woodnutt and 
Co., St. Helen’s, 1 . ol \V., from the designs ol 
Mr. A. Wi'stmacolt, M.I.N..\., who is n'- 
sponsible for the admirable' caliin arrangements. 
Thtee Woodnutt iiaialfin engines luc installed, 
5.], in. bore by (im. stroke, which develop 40!! p. 
each at 7oor.p.m., a \'ery suitable' speed foi .1 
cruiser ot this type The total jiower is, then'- 
fore, i2oh.p., and, wath all thre'o ('iigines lun- 
ning, a speed of 11 knots is obtained. Six hun- 
dred gallons of luel .ire carried in tanks at the 
forvv.ird e'nd of the eng me' room, suHicient tor a 
run of 6io nautical miles at full pe)wair, roe lain- 
ing the consunijitieiri at .65 pint jicr h.p., whie'h 
is about the figure that can be ohtaineel w'ith 
these engines. 

Wdth only two engines running, a speed of ()1 
knots is attained, anel it w ill be possible to run at 
this s})eed for 780 miU's, while, with only the' 
centre engine in use, se'ven knots can be main- 
taine'd for 1,240 miles The engine room is only 
loft. long, hut, owing to the compactness t>f ihv 
motors, all are quite accessible, and, in addition, 
there is a small dynamo driven from the cenlr(‘ 
('iigine, and used for lighting the ship through 
accumulators All three motors exhaust into a 
special silencer in the funnel. The top part ot 
the latter, it may be mentioned, lifts off to allow’ 
of passing under bridges, the masts being, of 
course, carried in tabernacles. A 13ft. dinghy 
and a T5ft. 8h.p. motor launch are carried in 
davits. 

“Trident,” it must not be forgotten, has 
paraffin engines, and will not therefore be very 
costly to run, in spite of her high power. 
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Harbour Service or Ship’s Motor Launch. 


J’his lioat lias been designed fur use either as 
a ship’s launch, or as a lK)at for f^eiuTal harbour 
s('rvice vvoik, such as Custom’s, polite, or 
medical officer’s launch. In addition to these 
uses, boats built from this desiirn are now in 
use for [)('arl fishino in C(>}’lon, tor towing and 
^.^eneral jturpo'^c's m Sibeiia, and for fishing’ in 
Natal. It will he s(M‘n that the boat has easy 
lines and ^ood fret board. She is strongly built 
of tt'ak on Americ.m elm steamed timbers 
closely spact'd, with heavy oak tloors and mas- 
sive engine beds 'riiere is alse> a stout trans- 
V('rs(‘ ‘ bulkhead undc'r the' thwart immediately 
aft of the engine. This, in conjunction witli 
two heavy stringers running from caid to end 
(d the boat, and very h<'av\ gamwaales, enables 
her to stand any amount ot knocking about. 

llic engine is a yh.p, si ngle-c> Under Dan, 
which drives her at a speed of over 7} miles an 
hour with a full load ol passengers. Owihg to 
the sknv revolutions of tin* t'ngine, and large dia- 
iiH'ter of the propeller, slie is \'ery suitable foi 


towing purposes, while her light draught and 
small rise of floor enable her to be beached with 
safety. 'J1ie total weight of lioat and engine is 
under il tons, so that she could easily be carried 
in davits by a comparatively small vessel 
The boat is shown w ith two transverse thwarts 
and side benches fore and aft, but if intended for 
carrying baggage or a small amount of cargo 
forw^arcl, the forward thwart and side benches 
w’ould be rc^mo\ ed. In addition to the bold sheer 
and high fieeboard, there is a short wh<ale-back 
dcick forw'ard, forming a rcKimy forc'jx'ak. Aft 
of this again is a spray hood of the Admiralty 
type to protect the foiward part of the Ixjat. The 
engine has a light steel engine casing which 
gives easy access to all parts, and the seating 
accommodation in the afti'r part of the boat is 
fitted with .an awning. The stec-ring gear is ar- 
langed so that there is a wheel close' to the en- 
gine in addition to the' tiller aft ; one man is 
thetefore abli' to run the boat single-handed, an 
impoitant point in .a haiixair servici' launch 
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Auxiliary Motor Trawler “Ibis 111.’ 


“ Ibis III.’* was designed by Messrs. Linton 
Hopo and Co. for H.R.H. Prince Albert of Bel- 
gium, who has presented her to the Belgian 
School of Fisheries at Ostend. She is somewhat 
of a departure from the ordinary type of sailing 
trawler, her lines being much finer, and the form 
altogether more up to date. She has now been 
at work for some time, and has proved herself a 
very able sea boat, with a good turn of speed. 
She is fitted with a 3oh.p. two-cylinder Dan 
engine, driving a large motor capstan. Her 
mean sj^eed under j>ower alone is 5^ knots. 
Considering her large displacement (114 tons) 
this is a very good result from such a small 
engine, and the owners are so well satisfied that 
two smaller vessels have been designed by the 
same firm. One peculiarity of “ Ibis ” is that, 
in addition to her ordinary fish hold, she has a 


cabin amidships for the fishery instructors, and a 
large forecastle forward with accommodation 
for 14 boys, who arc taken to sea for instruction 
in modern deep-sea fishing. 

It may be well to point out that Ibis ’* is 
fitted with a ketch rig, with large sail area, and 
is, in fact, in all essentials a regular sailing 
trawler, the presence of the motor in no way in- 
terfering with her sailing qualities. 

It is not claimed for auxiliary vessels of this 
type that they can compete with the larger 
steam trawlers now in use, but the addition of 
the motor greatly increases the earning power 
of the sailing trawler, while the total cost of the 
whole vessel new is only about one quarter of the 
steam trawler, the working expenses being 
infinitely less. This boat was designed by 
Messrs. Linton Hope and Co. 
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“ Erica.” A Fast Day Cruiser. 


The boat now before us is a fast, fine- weather 
cruiser of German origin, and may be regarded 
as a connecting link between the launch and the 
cruiser. The type is not one that has come at 
all into favour in this country ; indeed, we cannot 
recall more than one or two examples; but, for 
inland waterways or for coasts better sheltered 
than those of Great Britain, such boats as 
“Krica” are very largely used as day cruisers. 

Her length is 12 metres (39ft. 4in.), beam Oft. 
gin., and extreme draught 3ft lin. Her engine 
is <\ “ Roversator,” a special type of eight-cylin- 
der four-crank tandem motor, and her speed is 
just under 15 knots, which, seeing that the dis- 
placement is 4.^ tons, must be considered a very 
good result. 

The engine is installed rather far forward, and 
a galvanised su|>erstruciurc makes a regular 
engine-room, taking the place of engine cover 
or spray hood. It is entered from aft- and is 
quite distinct from the passenger accommoda- 
tion. The exhaust is taken up through a funnel 
arranged also to take air from the engine-room 
on the ejector principle. A relief pipe from the 


crankcase is taken to the funnel in the same 
way, and there are two ventilating cowls, one 
for the engine-room and the other going direct 
to the crankcase. This system of ventilation 
appears to be extremely eflicient, for the engine- 
room is kept perfectly cool and clear of fumes, 
and so, too, is the crankcase and lubricating oil, 
even on the longest runs. 

The boat is steered from a point just aft of the 
engine-room, with which there is the usual tele- 
graph communic.ition. There is a roomy cock- 
pit for passengers, the forward part of it being 
covered by a cabin top, very well lighted and 
large enough to enable meals to be taken in 
I'omfort, a point that will be appreciated by any- 
one who has had to eat in a fast open launch, 
w'hen everything takes an unpleasantly wet, salt 
taste. 

'^The “ Reversator ” motor, it must be remem- 
bered, is reversible, and, consequently, no re- 
verse gear is fitted, only a clutch. The boat was 
built earlv this year in the Howaldtswerke yard, 
Kiel, and has taken a prominent part in Con- 
tinent.al racing. 
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A Powerful 


For almost any sort of commercial work a 
heavy, slow-running engine is required, but 
there is, perhaps, no purpose for which it is so 
essential as for a tug. An excellent example of 
the possibilities of the internal-combustion en- 
gine in this direction is afforded by the vessel now 
under consideration She is 42ft. long bet\\(‘en 
perpendiculars, 46ft. Gin. o.a. by Jift. beam and 
5ft. qin. deep, the draught being 4ft. Gin. Tlu 
hull is built of mild steel with quarter-inch plat 
ing and frames 2in. by 2in. by iin. spaced i()in 
The decks also are constructed of ste(d, sheathed 
with teak. 

The engine is a two-cylinder Kromhout, de- 
veloping 75h.h.p. at the extremely low s[)eed ol 
2G5r.p.m. and driving a four-bladed cast-iron 
propeller 3ft. Sin. diameter. The sj^eed attained 
(not, of course, when towing) is 9I knots. The 
boat is now doing w^ork in the West Indies, 
having been sent out in plates and angles for 
re-erection at her destination. 


Motor Tug. 


Being for so hot a climate, an awning has 
been provided, but this, naturally, cannot be 
us(‘d while towing. Amidships is the engine- 
room, where one w^ould expect the heat to be 
almost unbearable, though, as a matter of lact, 
it is not as great as would l>e supposed, owing 
to the combustion heads of the cylinders, w’hi're 
most of th(‘ heat is developed, being above the 
deck level and immediately under a large sky- 
hght. 

Forward is a companion giving acet'ss to the 
(‘ngino-room and the forecastle, and aft is a 
comfortable coclcpit. The wheel is amidships, 
and the big towing cleat will bo noticed on the 
forw’ard end of the cockpit. 

Remembering how much of her time a steam 
lug is lying idle wdth steam up, it is easy to 
understand what a very great saving can be 
effected by the use of the intcrnal-t ombustion 
engine, which docs not use any fuel at all when 
not in actual service. 
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A Hydroplane. 


Though invented as long ago as 1872, it is 
only during^ the last two years that hydroplanes 
have come into any prominence, but to-d.iy they 
occupy a ve#y prominent place indeed among 
those devotees ol marine motoring who t.ake most 
interest in racing. Briefly, a hydroplane is de- 
signed to lift on to the surface and skim along 
instead of cutting through ihe water like an 
ordinary boat, and as the resistance is enor- 
mously reduced thereby, very little jx>wer sulffices 
for very high speed indeed. Hull and engine 
can be constructed very cheaply, and hence the 
phenomenally rapid access of popularity that the* 
ty{)e enjoys among those to whom the fascination 
of sr>eed appeals and who have but moderate 
means wh<*rewith to gratify it. 

Hydroplanes depend for lifting tx>wer on 
planes just as does an a('roplane. Once th('\ 
have risen to the surface tliey skim along with 
practically no displ.icemc'nt at all. 

Broadly speakings, there are two distinct 
classes ot hydroplane, d'he two-plane type txiin- 
monly known as the Rii'ochet rlas^, evolved by 
M. Maurice Le Las in France, and the multi- 
plane type, which may be either flat-bottomed 
or with hollow V sections, the latter Ixiing 
known as the Fauber. In the prcsiaU state of 
knowledge, it is not pos‘'ible to say which is the 
right system, but the Ricochet is by far the 
cheapest to build, and is at present the most 
popular, at any rate, in small sizes. We illus- 
trate herewith a hull of the latter tyixj designed 
specially for the M.Y.C. hydroplane class. 

The length is 13ft. o.a. and about lift. 6in. 
I.w.l. by 4ft. beam. Practically the boat may be 
regarded as' a punt with a “ step ” in it. The 
position of this step is one of the most important 
factors in hydroplane design, also one about 


which very little is known, e.xcept to one or two 
t>eople, who very naturally keep their knowledge 
to themselves. * It is, however/ generally ac- 
cepted that the step should be forward of amid- 
ships, and in the present case it is 6ft. from the 
bow and its depth 4in. 

The angle of the planes is another matter 
t*pen to question, though, broadly spealcing, it 
may be reduced as the speed increases. In the 
design shown, the forward plane might perhaps 
have been made a little less steep with ad- 
vantage if intended for an engine of extremely 
high power. 

To comply with the club rules, the engine 
must be a two-cylinder one of 4in. bore or the 
international equivalent. The power developed 
by such a motor would vary with the design 
from 15 to 3oh.p. With an engine of about 
2511. p. and ot a total weight of 6501b., includ- 
ing helmsman and fuel, the boat shown should 
attain a speed of 24 or 25 knots. It will be 
noticed that the engine bearers are carried nearly 
the whole length of the boat, which is essential 
on account oi the very heavy longitudinal 
stresses set up by the jKHinding action of the 
planes, also that they come up to the deck level 
.ill through the after part of the boat. This con- 
struction gives an unnecessary degree of 
strength, but it has been cidapted to comply with 
the requirement that there should be tw^o water- 
tight compartments, either of them capable of 
floating the boat. A compartment is obtained 
under each side deck from the step to the tran- 
stim, and this construction therefore provides a 
very easy and cheap method of corn plying with 
the rule. A hull such as this could be built for 
;^i8 or so, whence it w'ill be seen that expense is 
not a very serious item in a hydroplane. 
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MARINE MOTORS. 


MTRODUCTORY. 


In treating a subject of such wide scope and 
of such varied character as the propulsive 
mechanism of motor craft, classification must 
necessarily be arranged on a broad basis. So 
diverse are the types and so numerous the classes 
of boats and vessels in which they can suitably 
be installed that an encyclopaedic classification 
would extend beyond two score headings. Yet, 
whilst such a system is to be recommended in a 
standard work of reference, it is too ponderous 
for the short review presented in the following 
pages. Far more serviceable, and responding 
better to the developments of the marine motor 
world at the present day, is the shorter and 
simpler division into seven categories, as follow ; 

{ Four-stroke / Single-cylinder engines, Class I. 
cycle I Multi-cylinder engines, Class II. 

^^c'yole^^ } Engines of all sizes, Class III. 

»««««»« wi, i High-speed engines. Class IV. 
Paraffin, both cycles | j^e^imn.gpeed engines, Class V. 

^0* I Medium-speed engines, Class V, 

Commercial J *" 1 Slow-speed engines, Class VI. 

Craft. ( Suction gas ... All sizes of plant and engines, 

Class VII. 

In this manner the descriptions of the lead- 
ing features of what we consider to be repre- 
sentative types of marine motors on the 
market have been in the following pages 
rationally grouped according to types, thus 
permitting those interested to discover, with- 
out trouble or inconvenience, all classes of 
engines that comply with their requirements. 
That the classes should in certain instances over- 
lap has been unavoidable, and it has been im- 
possible to adhere rigidly to any arbitrary limit 
of speed in those classes where speed determines 
the classification. In Class V. also a certain 


Fjr 

Private- 

Craft. 


elasticity of limits has been compulsory, for it is 
difficult to determine the respective spheres of 
utility of these engines for pleasure and com^ 
mercial applications. For the rest, there is only 
to be added that whilst a critical review of 
modern marine motors might interest a few, the 
greater number seek to learn the salient distinc- 
tions between current models, and it is for these 
latter that the section of this volume devoted to 
engines has been compiled. It is upon the proof 
of trustworthiness and reliability that the final 
choice depends : it is to aid in the selection of 
engines that are suitable for the particular re- 
quirements in view that this chapter of the book 
renders its service. When it is borne in mind 
that the interest of this “ Manual ” is universal, 
and extends beyond the United Kingdom to the 
Colonies and Dependencies ol the British Empire, 
and, further, to lands that are under foreign 
dominion, it will be realised by the home readers 
why a number of engines have been included 
that are comparatively little known in this coun- 
try, although of it. The locality of manufac- 
ture has a great importance overseas. For any 
deficiencies that may be found in the following 
pages, it is to be pleaded that detailed improve- 
ments and alterations in models are of constant 
occurrence, but inasmuch as the 1909 models 
have been as far as possible trerted, the descrip- 
tions will in most cases remain serviceable for a 
long period. 

One other point. A certain amount of know- 
ledge on the part of the reader has been assumed. 
We have not attempted to deal with the elements 
of the subject, and wc would refer the complete 
novice to The Motor Manual ,” price is. 6d., 
which deals fully wlM first j 5 finciplcs. 








THE MOTOR BOAT MANUAL, 


75 


Section 1. — Engines for Private Craft. 


The following 

Ailsa Craig, 
Barcar. 

Blake. 

Brooke. 

^ Channel. 

Dixon-Hutchinson. 

Fairbanks-Morse. 


englaeu ate deali with 

Gardner. 

Halmax. 

Parsons. 

Rogers. 

Scout. 

Thornycroft. 

Wear. 


Class 1. 

petrol four-cycle single-cylinder 


The Ailsa Craig Motor, 

Of the special features of the latest engine of 
this name the most prominent and the most im- 
portant is the thorough protection afforded to all 
parts against damp and spray. A reference to 
Fig. I demonstrates very clearly the extent to 
which this wholesome attribute has been tended. 
The single^piece cylinder casting comprises a 
double valve pocket on the port side, with an 
open box underneath of the same width and 
depth and extending to the base of the casting. 
'A detachable lid, fastened by a central bolt, 
serves to render the box tight, the valve stems, 
springs and tappets enclosed therein thus being 



Pig. 1.— ah.p. Alisa Craig. 


protected from all predisposing causes of rust, 
rhe lid or panel is in the illustration shown 
beneath the starting handle. One casting serv- 
ing to form the crankcase, the gearing is en- 
cased in a separate chamber bolted thereto. 
the accessory details that should be protected 
from damp there remain only the ignition parts, 
and of these, not only is the contact breaker 
encased — almost necessarily so — but the spark- 
ing plug is fitted with a 'hood that serves to 
guard the insulation from moisture, as well as 
providing a terminal for the high-tension wire. 
By these devices an engine casing is rendered 
superfluous, and there is the great merit of en- 
closed valve gear that the clatter of the tappets 
is deadened. Another feature of the Ailsa Craig 
engine is the offsetting of the cylinder. This 
means that the axis of the cylinder is set slightly 
in advance of the centre line of the crankshaft. 
When the maximum effort of the working 
stroke occurs, the connecting rod is, therefore, 
practically vertical and parallel with the sides 
of the cylinder, the consequence being that there 
is only a direct thrust on the piston, with no 
side thrust whatever on the cylinder walls. A 
mechanical advantage is also gained at the end 
of the compression stroke. A gain in power and 
smoothness of running is obtained. To secure 
the gudgeon pin two set screws are used, and 
through these a piece of wire is passed, the 
gudgeon pin being hollow ; for additional secu- 
rity, one of the piston rings overlaps the ends of 
the pin. Flanged ball expansion joints are used 
on the water and exhaust pipes, the expansion 
jaift|i^ effectually preventing leakage and the 
flangps facilitating removal and attachment. 
One of these joints may be seen in Fig. i fitted 
to the exhaust outlet and provided with a pipe 
through which water from the cylinder jackets is 
sprayed directly into the exhaust pipe, the flow 
being regulated by the cock above. The pump 
is coupled to its driving gear by a flexible spring, 
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Fig. 2.— Blake 3h.p. motor. 

and a slotted attachment permits its removal 
when desired by the mere slacking of two nuts. 
Forced-feed lubrication is fitted throughout. All 
the control levers are mounted rig;idly on the 
engine. In addition to the timing and hand- 
operated throttle levers, there is a hand control 
for extra air and an enclosed governor working 
on the throttle. Inspection of the crank chamber 
is provided by the removal of a horizontal cover 
on a large wedge-shaped case on the opposite 
side to the valves and thus not visible in Fig. i. 
A single winged nut fixes the ]>anel. As a use- 
ful engine for hard work and exposure in all 
weathers the Ailsa Craig must be admitted to 
possess great advantages, responding, as it does 
in such a large measure, to the principal re- 
quirements of a marine motor. A single-cylin- 
der engine of 6-8h.p., possessing the same 
characteristic features, but differing in some 
details, is also made by this firm. 


stalled under a casing in a dinghy without any 
diminution of accessibility to the chief accessory 
details. The automatic inlet valve is placed over 
the exhaust valve on the starboard side of the 
cylinder, which is mounted on a square crank- 
case, wherein all the gearing is enclosed, and on 
the port side of which is an inspection hole. 
Although the carburetter is placed low in order 
to work with a gravity feed, the throttle in the 
mixing chamber is regulated by a lever at the 
lop of the induction pipe on a level with the 
cylinder head. At the same spot is fixed the 
lever that controls the ignition timing. In this 
}X)sition both levers may protrude from the en- 
gine casing through a slot. High-tension igni- 
tion by means of a coil and accumulator is fitted 
as a standard, and not only is the sparking plug 
in an accessible fX>sition at the top of the engine, 
but the wipe contact breaker is placed above the 
level of the cylinder head on a vertical shaft 
driven by bevel gearing off the camshaft. With 
the same idea of accessibility from above, a long 
vertical pipe is carried up from the base cham- 
ber to permit the supply of oil for the splash 
lubrication to be easily replenished. Both fly- 
wheel and chain-starting gear are fitted forward 
in order to give greater facilities for raking the 
projxdler shaft. The water pump is attached 
to the end of an extension of the camshaft at 
the re.ar, and at such a distance from the crank- 
case that it can project beyond an engine casing, 
leaving the screw-down grease cups in a handy 
position where they act as a visible reminder of 
the attention they need. It is also a good fea- 
ture of this model that the engine turns nor- 
mally at only 800 revolutions f>er minute. 

The Blake Engine. 

A useful little engine of 3h.p. is included 
amongst the Blake models. Except for its auto- 
matic inlet valve and for the position of the 
exhaust valve, it posscirses all the characteristics 
of the Blake motors described in Class II. The 
neatness of the 3h.p. pattern can be gathered 
from Fig. 2, which represents it denuded of 
})iping. 



Fig. 3.— A 4h.p. Brooke marine set 
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An Example of Careful Design, 

Amongst the few low-powered, single-cylin- 
der engines that are constructed with the same 
regard for refinement as the more pow'orful 
multi-cylinder motors, not the least noteworthy 
is the Brooke 4h.p. model, illustrated in Fig. 3. 
The cylinder is cast with the valves side by sidi* 
to starboard, the camshaft and its gearing being 
enclosed in a compact crankcase, designed to 
afford ample inspection facilities through its 
side doors, which are comparatively large for a 
small single-cylinder engine. An extension of 
the camshaft aft drives the high-tension mag- 
neto used for ignition, whilst a forward exten- 
sion gives the drive for the water-circulating 
pump. Tlie water is led into the jacket around 
the exhaust valve chamber, which also, being 
so close to the inlet valve chamber, is very effi- 
ciently cooled. After passing round the cylinder 
it is taken through a small pipe, following- the 
curve of the exhaust pipe until the floor level is 
reached, where it is discharged into the exhaust. 
Tills method has the advantage that there is no 
difficult joint to be made, as there is when the 
exhaust pipe is jacketed right away from the 
valve chamber. An almost unique feature is the 
large size of the water drain cocks, which are 
too often of toyish dimensions and apt to choke. 
The float-feed carburetter is of a special pattern, 
designed to have a constant petrol level at all 
angles which the boat may assume. Another 
example of the robustness of the fittings is found 
in the trembler switch fixed at the after end of 
the cylinder. Splash lubrication, with ^ hand 
pump for replenishment, is employed in this 
model. 


the 6h.p. Channel Motor. 

In the single^ylinder 6h.p. Channel engine 
there is, of course, no scope for the salient fea- 
tures of the multi-cylinder design of the same 
tyf>e. Apart from the disposition of the cylin- 
ders, it is constructed on the same lines as those 
described in Class II., except that a rotary 
water-circulating pump is used instead of a 
sertii-rotary. 


The iK B* mna H* Bngfme* 

Motors of 5h,p. and 7h.p., with a single- 
cylinder and crankcase section, forming the 
essential units of the Dixon-Hutchinson system 
of construction, fully described in Class II., are 
made for small boats. 

Fairbanks- M orse. 

In this, one of the best types of engines made 
in the United States, there is the stamp of the 
most advanced American practice, marine 
motors on the other side of the Atlantic all ex- 
hibiting a greater contrast from automobile 
practice than on this side. A general idea of the 
construction can be gathered from Fig. 4, where 
it can be noticed that the cylinder is cast in one 
piece with its head and valve-pocket. From an 
ordinary float-feed carburetter the mixture is 
admitted through an automatic valve into the 
combustion chamber, the throttle being situated 
in a box over the valve. A short, flanged pipe 
leads the burnt gases to the water-cooled ex- 
pansion box, into which the water flows from 
the cylinder jackets. A plunger pump, driven 
off an extension of the camshaft at the forward 
end, maintains the circulation. A large hand- 
hole is fitted to the crank chamber, in which 
lubrication is effected by splash, a drip-feed being 
fitted for the cylinder walls, and grease-cups to 
the main bearings in addition. High-tension 
ignition by accumulator and coil has been 
adopted, the contact breaker being mounted on 
the forward camshaft extension. Drain cocks 
are fitted both to the cylinder and exhaust 
jackets. Instead of the customary chain-start- 
ing gear or crankshaft handle, a large hand- 
piece, folding automatically into the flywheel, is 
used. This being mounted forward and the 
handle being in the rim, a very simple and con- 
venient starting arrangement with a good lever- 
age is obtained. This engine develops 4|h.p. at 
Soo revs per minute. 

The Small Gardner Motor. 

Although this name is more popularly asso- 
ciated with paraflin than with petrol, and per- 
haps to some solely associated therewith, no re- 
view of marine motors would be complete without 
a reference to the Gardner petrol engines. Two 
series of this type are made, and each includes a 
single-cylinder motor, the one developing 4ih.p. 
at 1,000 revs, per minute, and the other giving 
5h.p. at Goor.p.m., the former being intended for 
pleasure boats and the latter for heavier service. 
An excellent view of the 4ih.p. model is given in 
Fig. 5, where the general disposition of the 
details can be plainly seen. A simple ty^ of 
carburetter supplies the mixture to the cylinder 
through an automatic valve, the cover of which 
forms a chamber for the throttle that is con- 
trolled by the governor. Hot air is taken in 
througjt a sleeve round the exhaust pipe to 
form the mixture, for the alteration of which 
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Pig. 5.“Gardner fast-running engine. 


provision is mado. The actual speed control 
rests with the adjustment of the governor whilst 
running. The camshaft gearing is enclosed, but 
the spur wheels driving the circulating pump are 
only covered. A strainer is provided on the suc- 
tion pipe of the pump. High-tension electric 
ignition is fitted, the contact breaker, which is 
of solid construction, being mounted next to the 
governor on the camshaft extension. It is thus 
a simple engine, but having been designed 
specially for boat installations by a firm with 
long experience of marine oil engines, it makes 
a very sound job. The leading features of tho 
heavier single-cylinder model will be found 
under the heading “ Gardner ” in Class II. 

The Halmax. 

A small motor of 2jh.p. of the simplest con- 
struction is marketed under this name. Inas- 
much as it is provided with inspection doors to 
the crankcase it is an exception amongst dinghy 
engines. A I-onguemare carburetter is fitted, 
and, except that it has an automatic inlet valve, 
it is similar to the larger engine described in 
Class II. Castings of this, of a smaller i^h.p. 
model, and of several larger patterns, are sup- 
plied to amateurs who wish to build their own 
engines. 


The Parsons Motor. 

As evident from the description of the Parsons 
engines in Class IV., the single-cylinder yh.p. 
m^el to which reference is there made can be 
run exclusively on petrol, the power developed 
being practically the same, because neither the 
compression nor engii^e-speed are altered. 


A West hi Eogtand Motor, 

Beinig established in South Wale.9, as well as 
on the borders of Devon and Cornwall, the manu- 
facturers of the Rogers engines make a spedal 
apf>eal to the clientele in the West of England. 
Both single-cylinder motors, of 5h.p. and Sh.p. 
respectively, possess the same characteristics. 
The valves are side by side, operated by tappets, 
which, being provided with balls at the lower 
end, work smoothly over the cams. All the gear, 
ing is enclosed, and the plunger water pump is 
worked by an eccentric on an extension of the 
camshaft, the contact breaker being fitted to a 
similar extension at the other end. A large 
door is fitted to the crankcase. Lubrication is 
by splash, and the main bearings arc fitted with 
oil-tight rings. These engines are designed to 
turn only at 700 revs, per minute.^ 

Scout. 

An entirely new design has superseded that 
previously' known in connection with Scout en- 
gines. Only one single-cylinder model is made, 
that being rtited at 4h.p. Both valves, now 
mechanically operated, are situated side by side 
in an overhanging valve chamber, the top of the 
cylinder being, in the new design illustrated 
in Fig. 6, entirely clear except for the spark- 
ing plug, the valve caps and the water-outlet 
pipe. Ample water cooling has been arranged 
around the exhaust valve and the neck of the 



Fiff. 6.— Scout 41i.p. engine. 
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exhaust pipe ^ that protrudes from the valve 
chamber* This allows the exhaust gases to be 
t^en away sufficiently cool directly to the 
silencer. The camshaft gearing is encased in 
a separate box at the forward end, but at the 
after end the skew gear on the camshaft exten- 
sion is deemed sufficiently protected by the fly- 
wheel. This skew gear drives the vertical 
spindle on which the contact breaker is mounted 
at the level of the cylinder head. The water- 
circulating pump is driven by gearing off the 
camshaft at the forward end and forces the water 
into the cylinder jacket around the exhaust-cool- 
ing chamber, which thus obtains the coldest 
water. ^ A simple type of carburetter of Scout 
design is employed, the throttle being controlled 
by the ball governor, which in turn is regulated 
by hand. Sight-feed lubrication with splash in 


the crank chamber has been adopted. A notabte 
departure from previous Scout practice is the 
reduction of the height of tfie centre of gravity 
by the abolition of all the top gear. 

Tboraycroft 

A description applicable to the single-cylinder 
9h.p. Thornycroft engine will be found under 
this heading in Class II. When the engine 
speed is reduced to 750 revolutions per minute 
y^h.p, is developed. No smaller engine is made 
by the firm. 

Wesr, 

Engines of 2|h.p., 4h.p. and 9h.p. are con- 
structed by the Wear firm, all turning at a 
moderate speed. A description of their leading 
features will be found in the next class. 


Class u. 

The tollowiag petrol four-cycle multi-cylinder engines are dealt with 


Ailsa Craig. 
Barcar. 

Blake. 

Brit, 

Brooke. 

Buffalo. 

Channel. 

Dixon-Hutchinson. 

F'airbanks-Morse. 

Gardner. 

Halmax. 

Kelvin. 


AUsa Craig Engines, 

A double-cylinder motor of 6-8h.p., conceived 
on exactly the same lines as the single-cylinder 
described in Class I., with which it is identical 
except for the duplication of the cylinders, forms 
the smallest of the multi-cylinder Ailsa Craig 
series. Two, four and six-cylinder units of 
I2h.p., 24h.p. and 36h.p. respectively complete 
the range of models. Except that they are 
fitted with compression cocks and that the con- 
tact breaker is mounted in a handy position on 
a vertical spindle, they differ only from the 
model described in Class I. by the details in- 
volved in the multiplication of the cylinders. 

Barcar Models, 

In addition to a 6h.p. double-cylinder model, 
possessing the same distinctive features as the 
3h.p. engine described in Class I., and from 
which it differs only by the addition of an oil 

S drawing directly from a sump in the 
case and delivering a jet directly on the 
big ends of the connecting rods, there are also 
I2h.p. and 24h.p. Barcar models, with two and 
four cylinders respectively. ITiese are of a 
slightly different pattern from the two smaller 


King-Lamb. 

Knight-Silent (Daimler) 
Maudslay. 

Napier. 

Parsons. 

Rogers. 

Scout. 

Simms. 

Standard. 

Thornycroft. 

Wear. 


types. ITiey are controlled by a throttle at- 
tached to a centrifugal governor, which can be 
adjusted to any speed whilst the engine is run- 
ning. Mechanical inlet valves are employed, 
fitted on the opposite side to the exhaust valves, 
through which the burnt gases are discharged 
directly into a w ater-cwled expansion box. The 
control levers are not permanently fixed to the 
top of the engine as in the S'maller models, be- 
cause, with the more expensive installation, they 
should preferably be mounted on a control 
board. Magneto ignition is supplied as a stand- 
ard with the four-cylinder engine, which has 
thus dual ignition with one set of plugs. In 
other details neither of the bigger models differ 
from the smaller ones. 

A Well-establlabed Motor. 

One of the earliest and best-famed of marine 
motors is the Blake, for it has now been on 
the market for more than ten years and has 
proved itself a thoroughly trustworthy engine. 
It is a smart, clean piece of work, as Fig. 7, 
which illustrates a four-cylinder 4oh.p,, tesnfies. 
In Blake practice the crankcase is cast in ono 
piece open-ended, the end main bearings being 
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carded in the faced end plates. With this 
method the wide inspection panels to the crank-^ 
case are a prime necessity for taking up any 
slack bearing. The camshafts are carried in a 
peculiar manner » cam pockets in pairs forming 
an integral portion of the base chamber. Herein 
the cams run in an oil bath, whilst, however, 
being far more accessible than when entirely en- 
closed inside the crank chamber. It matters 
little that portions of the camshaft are exposed, 
for it is only the lay sections that are thus 
treated. On both sides are the camshafts so 
disposed, the symmetrical half-timing gearing, 
which is driven off the forward end of the crank- 
shaft, being enclosed in a separate oil-tight cas- 
ing. The cylinders are cast in p£urs with their 
heads and valve pockets, but the large core 
panels on top of the water jackets give that 
access which should 
always be provided for 
cleaning out mud, etc. 

The valve caps are 
ground to their seal- 
ings and held down in 
pairs by yokes on the 
inlet side and fastened 
each by gates on the 
exhaust side. It is on 
the latter, or star- 
board, side that the 
relief compr<‘ssion 
cocks are fitted. For 
greater convenience 
these are con ne'e led to 
a single rod, but in 
such a manner that 
any particular one can 
I>e readily opened in- 
dependently of the 
others. A water- 
cooled expansion box is attached directly to the 
exhaust outlets of the cylinders, and all the cool- 
ing water passes away round this. The auto- 
matic carburetter is arranged just under the ex- 
haust box, with its air intake designed to collect 
hot air. Tlie mixture passes through a pipe be- 
tween the two pairs of cylinders to the evenly- 
branched passages leading to the inlet-valve 
chambers. Adjustable bearings are fitted between 
all the crank throws, and a neat method of 
taking up slack in the big-end bearings is also 
provided, in order that, once installed, the engine 
need not be taken off her engine bearers for 
several years. A combination of forced and 
splash lubrication is employed. As a standard 
it is high-tension ignition by accumulator and 
coil that is adopted. Four-cylinder Blake 
motors are rated at i2h.p., iSh.p., 25h.p. 
and 4oh.p., whilst two-cylinder engines of Oh.p. 
and 9h.p, also belong to this class. 

A Low^Bp^d Motor. 

The Brit 3oh.p. four-cylinder engine is one of 
comparatively few that answer the purpose when 
a low-sspeed motor is required. Running only 


at 650 revolutions per minute, this is the type of 
petrol engine that is demanded for installation 
as auxiliary power in full-bodied vessels. As 
may be judged from Fig. 8, the construction 
makes a clean piece of work. All the valves are 
operated from one camshaft on the port side, 
the half-time gearing being enclosed in a box 
at the forw^ard end, an extension through which 
serves to carry the contact breaker of the high- 
tension accumulator ignition. An extension of 
the camshaft at the after end carries a pinion 
to drive a lay pinion, to the face of which is 
fitted the plunger of the oil pump. From this 
pump, w'hich draw's its supply from a well in 
the base of the crank chamber, the oil is forced 
to a gallery of seven sight-feed glasses, five of 
which feed the main bearings, the remaining 
tw’o each being branched to lubricate two crank 


Fig. 7.— The 40h.p. Blake motor. 

pins. An evenly-forked induction system sup- 
plies each pair of cylinders, the throttle b<^ing 
under the control of the governor and of a 
hand lever. From the cylinder jackets, to which 
it is forced by a positive rotary pump driv^en 
directly off the forward end of the crankshaft, 
the water is conducted into the jacket that sur- 
rounds the exhaust-expansion box. Large access 
doors are fitted to the starboard side of the 
crankcase, and, in general, accessibility has 
been well studied. It is at once a stoutly-built, 
serviceable and well-designed engine, standing 
almost in a class by itself on account of its 
moderate speed. Cylinders of the same size as 
those used for the 3oh.p. engine are also em- 
ployed to form the two-cylinder i5h.p., and in 
the same manner the four-cylinder motors of 
i2h.p. and i6h.p. register with two-cylinder 
units of 6h.p. and 8h.p. respectively. 

Brooke Bnginen. 

Two, three, four and six-cylinder engines are 
included in the Brooke models, seven different 
sizes being made, counting the single-cylinder 
type. In design these vary to some extent, but 







Fig. 8.— A moderate -speed engine of Sfth.p. 


chiefly in the cylinder construction. Thus the 
three c}lindcrs of the i2h.p. motor arc cast in 
one block with the valves all on one side ; in the 
four-cylinder i8h.p. ent^^ine (Fig. 9) the cylin- 
ders are in pairs, but in the 45h.p. model are 
separate, the valves in both cases being on oppo- 
site sides; whilst in the six-cylinder 4oh.p. 
engine (Fig. 10), <as installed in tlie racing boats 
“ Arab and “ Fleurctte II the c} Tinders arc 
in pairs with the valves side by side. Except in 
the latter type, the gearing is all enclosed. All 
have high-tension magneto ignition and auto- 
matic carburetters with extra air-inlet valves. 
When a governor is fitted it acts on the throttle, 
which, however, is always subject to regulation 
by hand. X^otary water pumps are fitted. 
Lubrication is by splash in the crank chamber, 
which is sectioned to prevent the oil collecting 
aft on the engines just named, though wc 
understand that a force-feed system is fitted to 


1909 models. Grease cups are provided for the 
extension bearings of the governor and water 
pump. With reference to the three-cylinder 
models, it is to be observed that, the cranks 
being set at 120 degrees, there is an even 
sequence in the impulses and there is a balance 
between the moving parts. Although public 
favour has not bt'cn largely shown towards 
three-cylinder engines, this must be attributed 
to prejudice, for the type has no inherent disad- 
vantages, and, on tne contrary, it forms the 
most compact balanced engine that can be 
obtained. 

A Welh known American Motor. 

When first known in this country the Buffalo 
engine was imported from the United States, but 
it is now being manufactured on the Thames. 
It is built up on a framework similar to that 
of small, high-speed marine steam engines, 


I 

I 


FU. 9. -Brooke 18b.p. foiir-of Under engine and gear. 
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witji tufned b<>lumns taking: the stresses between 
cylinders and the bed ‘ This enables the 
crankcase to be made of much lighter construc- 
tion with full-size inspection doors. Through 
these doors the pistons, with their connoting 
rods, can be removed, or they can be adjusted 
without disturbing other parts of the motor. 
Tappets and cams for the mechanically-operated 
valves can also be reached through these doors. 
A plunger pump is fitted for the water circu- 
lation, and large doors are fitted to the cylinder 
jackets to enable them to be cleaned out, a very 
useful feature, especially in tidal rivers, where 
mud is always suspended in the water, or where 
strong currents stir the sand. Bosch electro- 
magnetic plugs, operated by a Bosch low-ten- 
sion magneto, have now been adopted for the 
ignition. This system is bound to find more 
adherents in marine-motor practice, and already 
its advantages have been realised by a consider- 
able number of designers. Forced lubrication has 
been fitted, but provision is made for lubrica- 
tion by sight-feed and splash should the oil 
pump fail. The models range from 5h.p. up- 
wards, the two-cylinder series developing 5h.p., 
loh.p. and I5h.p. respectively, whilst the four- 
cylinder patterns give 2oh p., 3oh.p., 4oh.p., 
5oh.p. and 75h.p. Larger engines of i3oh p., 
i6oh.p. and 20f^.p. are also on the boards. All 
are rated by the M M.A. formula, the smallest 
at 1,200 revolutions |>er minute, the four next 
up to 3C)h.p. at t) 5 o revolutions per minute, the 
4oh.p. at 7(K) revolutions per minute, the 5oh.p. 
at 6o<) revolutions per minute, and the 75h.p. 
at 450 revolutions per minute. 

A “V’’ Eagiae. 

Channel motors are distinguished by inclined 
cylinders, set at right-angles to each other, but 
slightly out of line in order that the connecting 



Pig. 11.— A Channel 24h.p. four-cylinder “V” engine 
and reverse gear, weight of engine 4751b. 


rods of each pair may drive on the same crank 
pin. Two models are made : a four-cylinder 
24h.p. and a two-cylinder i2h.p., the larger of 
which is represented in Fig. ii. The carburet- 
ter is mounted between the cylinders at the after 
end and delivers its mixture through automatic 
inlet valves. Only short exhaust pipes are re- 
quired, the usual method being to discharge the 
burnt gases directly into a funnel silencer 
mounted between the cylinders. Only a single 
camshaft is required, and it can very easily be 
removed if necessary. The gearing, however, 
is not enclosed. A semi-rotary ])iimp is em- 
ployed for the water circulation, the pump being 
situated in a handy position on the starboard 
side and operateil by an eccentric rod off the 
camshaft. Full-length inspection panels are 
fitted to the crankcase. Lubrication is served 
by splash. A great saving in weight and a re- 
duction of vibration are claimed 
for this construction. As to the 
former, although the engine 
turns only at 750 revolutions 
per minute, the weight of the 
24h.p. mod(‘l is only 4751b., to 
which has to be added only very 
short piping. Much less space 
is also occupied, this amounting 
to 50 per cent, in the length, 
with but a slight increase in 
width. No internal bearings 
arc used in either model. 

A Muklpfe Unit Series, 

The well-ordered system of 
units which provides a progres- 
sive range of models, increas- 
ing in powder according to the 
number of cylinders, but all 
subject to the same standard- 
ised measurement of parts* ren- 
ders a description of any par- 
ticular Dixon-Hutchinsdn en- 
gine applicable in detail to all 



Fig. 10. - Brooke 45h.p. six-cylinder Ihrht motor, 4lln, bore by 4|ln. stroke. 
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otters. Each cylinder is rated to give yh.p. 
at 950 revs, per minute, the four-cylinder 
motor represented in Fig*. 12 being- thus 
referred to as of aSh.p. A single casting em- 
brace the cylinder, combustion head, and dia- 
metrically opposed inlet and exhaust valve cham- 
bers. According to the number of these figuring 
in the engine, so will there be sections in the 
baae^chamber, each section being in one open- 
ended piece, rectangular above the shaft centre 
and circular below, but not split horizontally. 
Across the lower end of each section is a web 
for the support of a main bearing. In order to 
build up a complete crank chamber the cheeks 
of the sections are machined, then fitted together 
by a little countersinking and bolted up round 
the internal flanges, whereafter the webs are 
bored for the camshaft bearings and their 


A* 

a de^ dish is formed in the end plate to take thfe 
half-time gearing, and a cover is fitted thereto^ 
the wheels being thus completely enclosed in an 
oil-tight case. On the inlet side, a ^ew gear 
meshing with the camshaft wheel drives the 
vertical spindle on which the contact breaker is 
mounted. If a magneto be fitted to duplicate 
the ignition, it is fittiKl on a bracket at the for- 
ward end of the motor, and driven by gearing of! 
the contact-bre^iker spindle, the whole forming 
a particularly compact and neat arrangement. 
Compression relief cocks are provided. The 
control, both of the throttle and ignition, is 
brought back to the after end of the engine and 
conveniently mounted on a transverse bar. 
Splash lubrication is relied upon, and in such an 
engine, where the crankshaft is provided with 
one bearing more than there are cylinders, and 



Fig. 12.*-28h.p. D. 

thickened bottom portions turned up for the 
plummer blocks of the main bearings, the top 
outer face planed, and with the end plates in 
position a complete entity is obtained. Big in- 
sfKiction doors are provicied on each side of the 
crankcase sections. Each plummer block being 
held by only one bolt through the web, it is thus 
perfectly simple to remove the crankshaft in any 
case when it might be desired to do so. Even 
more easy is the withdrawal of the camshafts, 
for these, cut from a solid bar as in the best 
practice, have not projecting cams, as usually i$ 
the case in motor work, but sunk cams, the 
metal being cut away only at the cam positions, 
leaving the remainder of the shaft very large in 
diameter. Rollers are fitted to the lower ends 
of the steel tappets, which work in steel guides, 
a method that is now being adopted for the most 
refined racing engines, but little used in ordinary 
practice- At the forward end of the crankcase 


B. and H. motor. 

long bearings too, even the most captious could 
find no cause for criticism. In addition to the 
range provided by one, two, three, four, or six 
cylinders of yh.p. per cylinder, a smaller series 
of 5h.p., loh.p., i5h.p., and 2oh.p. is obtained 
by the use of a smaller cylinder that fits the 
same crankcase sections. Standardisation 
could hardly be carried to a finer pitch. 

The FairbaiikBmMors0 Bnginas. 

A two-cylinder 9h.p. and a four-cylinder iSh.p. 
are obtained by the multiplication of the 4 ih.p, 
cylinder described under this heading in Class 1 . 
All the chief points of the design are identical, 
but the induction piping is branched with one 
pipe to each pair of inlet valves, and the single 
throttle is placed low down instead of over the 
engine, the controlling lever being mounted on 
the after end of the crankcase next the ignition 

F 2 
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Fig. 13.-~A he^vy tytic of 75h.p. 

lever. A more thorough system of lubrication is 
also fitted. Inside the crankcase is a reservoir, 
from which the oil is drawn through a strainer 
by a pump and circulated to all the bearings. 
As it drips into the base it is carried up again 
to the reservoir and used afresh. One ot the 
crankcase doors gives ready access to the reser- 
voir for replenishment when necessary. Like 
the smaller model, the multi-cylinder engines 
are designed to run at 800 revs, per minute. In 
addition there is a series of slow-running motors, 
much used for commercial work in the States 
where the petrol spirit is comparatively cheap. 
In this type the cylinders are cast separately with 
all the valves on one side. Each inlet is pro- 
vided with its own 
spray box, giving 
the mixture right 
into the combus- 
tion chamber, the 
control being 
effected by vary- 
ing the feed, both 
governor and 
hand regulation 
being provided 
for this. An 
elaborate system 
of drip-feed lubri- 
cation to the vari. 
ous bearings is 
supplied from a 
large tank above 
the engine. Low'- 
tension ignition is 
employed. In 
countries where 
spirit can be ob- 
tained at a reason- 
able price theise 


engines must be jyarticul^irly 
useful for heavy work, owing to 
their slow speed. The two- 
cylinder loh.j)- and three-cylin- 
der ish.p. turn at ^00 revs, per 
minute ; the two-cylinder 2oh.p., 
three-cylinder 3oh.p. and four- 
cylinder 4oh.p. at 350 revs, pet* 
minute ; and the two-cylinjler 
5oh.p., three-cylinder ysh.p., 
and four-cylinder looh.p. at 300 
revs, per minute only, A three- 
cylinder 75h.p. model is illus- 
trated in Fig. 13. 

Two Gardner Types, 

Two series of multi-cylinder 
[K'trol engines are listed under 
this name, the iirst comprising 
sets built up with t'ylinders of 
the general design described 

under the name “ Gardner ’’in 
Class ]., and the second being 
a range of slow-running 
engines developing sh.p. per 

cylinder, llius, although the four-cylinder 
models of both types are of very nearly 
equal power, giving i7h.p. and 2oh.p. re- 
s|>ectively, they virtually represent a greater 
difierence by reason of the contrast in 
the engine six*(h1s. As evidenced by Fig. 14, 
the c\linder.s are cast sc'paratelv with the 

valves on op]>osiu^ sides, with all camshaft 

gearing enclosed in the crank chamber, which is 
amply provisioned witli insix‘ction doors of a 
distinctive pattern which lends itself to the 
fitting of oil-fillers for each crankcase section. 
The mixture is conducted from a simple car- 
buretter at the forv^ard end through a dead- 
ended induction pipe lying along the inlet valve 
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chambers. Just above the governor, which is on 
a vertical spindle driven by a camshaft exten- 
sion, the induction pipe is fitted with a throttle 
chamber. As the governor weights fly out, this 
throttle tends to close, and by a simple ex- 
pedient, clearly shown in the illustration, also 
v^aries the mixture. This arrangement of 
governor and carburetter saves a number of 
rods. Low-tension magneto ignition is fitted 
as. a standard, and the timing is regulated by 
the governor, subject to the hand control. Except 
for the provision of a thoroughly otfective water- 
cooled exhaust box fitted close up to the cylin- 
ders, there is nothing else al)out the desig^n that 
needs comment, the details conforming to 
ordinary practice. As a robust, petrol engine 
suitable for heavy work where paraflin is tabcK), 
this type stands almost in a class by itself, hav- 
ing been spccijftly designed for such work, as in 
auxiliaries, fur instance. Its comparatively low 
speed is a great asset in a number of cases. 

A Simple Engine. 

Although best known north of the Tweed, the 
Halmax models present a s[>ecial interest by 
reason of the fact that the makers supply the 
castings to amateurs desirous of building their 
own engines. Because of this, the designs em- 
body only the simplest needs of a motor. These 
engines are therefore very cheap, and thus 
supply the wants of many. The four-cylinder 
loh.p. motor shown in Fig. 15 is typical of the 
Halmax pattern. .Separate cylinders, with the 
valves all on one side, outside camshaft and 
gearing, cast-iron crankcase, drain and relief 
cocks, and sight-feed lubrication with splash in 
base chamber arc the m.iin features, and it will 
be recognised that they offer to the amateur 
the sirnple‘;t ]X)ssible con&truetujn. A two- 
c} Under outfit is also made. 

A Clyde- built Engine. 

On the Clyde especially considerable renown 
has been won by the Kelvin motors, which are 
Glasgow productions. For launch work tw’o 





Fig. 15.— A lOh.p. foTir-cy Under engine. 

standard models are made : a tWo-cylinder 
7-911. p. and a four-cylinder i4-i6h.p., the lower 
figure being the rating hy M.M.A. formula at 
850 revs, per minute. Cylinders are cast in 
pairs, with all valves on one side, and the low- 
tension ignition gear on top. A compact form 
of crankcase is employed, with a large inspec- 
tion d(x>r to each pair of crankthrows and a 
smaller handhole, fastened by a thumb-screw, 
fitted to each door for more convenience. The 
fibre gearing used for driving the camshaft is 
not enclosed, being situated between the rear 
end of the crankcase and the flywheel. Splash 
lubrication has been adopted, but owing to the 
equalising arrangement in the crank chamber an 
inclination of i in 7 does not disturb the ec^ual 
lubrication to each cylinder and its moving 
parts. There is no special feature in the auto- 
matic carburetter, but a petrol filter forms a 
standard attachment of the float chamber. For 
the water circulation the plunger type of pump 
is used, one being fitted to the smaller engine 



Fig. 16. - A compact marine set Including belt reverse gear. 
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and two on the four-cylinder inodel. 

After passing* round the cylinder 
jackets the water is discharged into 
the cooling jacket of the exhaust ex- 
pansion ]^x fitted directly to the valve 
pockets and passes away round the 
exhaust pipe. This is a standard fit- 
ting sent out on every engine. A 
governor on the forward end of the 
crankshaft controls the throttle, but 
is also under the regulation of a hand 
lever mounted together with the igni- 
tion lever and magneto earthing 
switch above the flywheel, which is 
now completely protected from bilge 
water by a metal pan, not shown in 
the accompanying illustration of the 
four-cylinder model (Fig. i6). When- 
ever the clutch is taken out the engine 
throttles down to a quiet speed instead 
of running light and racing alter- 
nately. Two models have lately been 
added to the firm’s list for auxiliary 
work. Both are heavily built, but ex- 
cept for their lower engine speed and 
power they contain the same features 
as the smaller types. I'he two-cylin- 
der is rated at i5h,p. and the four- 
cylinder at 3oh.p. An ingenious de- 
vice attached to the low-tension mag- 
neto is said to enable the engine to be started 
without any cranking up, but this of course is 

subject to reason- 
able limitations of 
temperature and of 
mixture in the cylin- 
ders, 

A Low-8p0ed 
Motor. 

Latest models of 
these engines show 
a very striking de- 
parture from all pre- 
vious King - Lamb 
designs in the adop- 
tion of the almost 
universal casting of 
cylinder and jacket 
OUTER. .SLEEVE piocc, instead 

of having the brass 
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Fiiz. 19.~Slee\es of the Silent Knight motor. 


Fig. 17.— Section of new Daimler engine. 

jacket pressed over the iron cylinder as 
heretofore favoured by the manufacturers. 
The separate cylinder head integral with the 
valve chambers is retained, all valves being 
on one side, and the water jackets of cylin- 
der and head being connected by an exterior 
pipe. The water, after cooling the cylinder 
system, is discharged through the jacket of the 
exhaust expansion chamber, which is fitted right 
up to the cylinders. All gearing is enclosed, 
ample access is given to the crank chamber 
through a full-length panel, and accessibility 
has been fully studied, the approved modern prac- 
tice as to the location of the contact breaker on 
a vertical spindle, inter-connection of hand and 
governor regulation of the throttle being 
adopted. The most interesting and novel fea- 
ture is the lubrication. Oil from a tank situ- 
ated at the upper end of the cylinder flows by 
gravity to each main bearing, whence it runs 
through the hollow crankshaft to the connect- 
ing-rod big-ends. Leaving these 
through proper openings, it is thrown 
up inside the piston and on the cylinder 
walls. The drippings fall into the 
crankcase, drain to the after end, and 
the oil is then pumped back to the 
gravity tank. These engines are made 
in two, three, four, and six-cylinder 
units from i2h.p. to 6oh.p., the power 
being developed at only 450 revs, per 
minute. This engine, it will be 
gathered, belongs to the more robust 
type of petrol motor. 
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Tli0 Kaigbt {Silent) Engine* 

Considerable stir has recently been created in 
the motor world by the introduction of the 
Knight Silent engine, wherein the usual mush- 
rwm or poppet valves have been replaced by 
sliding sleeve valves, with, it is claimed, a con- 
siderable gain in silence, controllability, effi- 
ciency, and liveliness. That the Daimler Co. 
in the United Kingdom, the Panhard firm in 
France, the Mercies facto^ in Germany, and 
the Minerva works in Belgium should all have 
decided to adopt the Knight system will to most 
people prove sufficient guarantee that the engine 
must be a sound one, no matter what critics 
gay, for such leading firms would not stake 
their reputation on a bubble. Let it be premised 
that the engine works on the Otto or four-stroke 
cycle, and has nothing in common with two- 
stroke motors^ The simplest description of the 
construction is given by the statement that the 
mixture and exhaust gases respectively enter 
and leave the cylinder through wide ports in the 
cylinder wall that are uncovered during the 
correct periods by two sleeves interposed be- 
tween the piston and cylinder walls. A first 
glance at Fig. 17 scarcely reveals the sleeves 
surrounding the piston, but it is at once evident 
that the ordinary mushroom valves are absent 
from the inlet passage (I) and from the exhaust 
passage (G). In the sleeves (A and B) there is 
a slot on each side, and it is by causing the slots 
on one side to legistcr with the port in the 
cylinder wall that the gas passage is opened on 
that side. In Fig. i8 the sleeves arc shown re- 
moved from the cylinder, and the eccentrics by 
which they are operated from a lay shaft, corre- 
sfK)nding to the camshaft of the older type, arc 
clearly seen. The piston, with its ordinary 
rings, travels up and down inside the inner 


w'i 

. u 

sleeve, and the cylinder fits closely over. 
outer sleeve, in which one of the ports is 
rent in the diagram. It is then pimply fey 
arranging the eccentrics in such a manner that 
the slots on the inlet side shall both register with 
the cylinder inlet port during the suction stroke, 
and those on the exhaust side with the cylinder 
exhaust port during the exhaust stroke, that the 
four operations of the Otto cycle are provided^ 
During the compression and w^orking strokes 
both inlet and exhaust ports are covered by the 
sleeves. The layshaft, by which the sleeves are 
actuated, is driven at half the crankshaft speed 
just as an ordinary camshaft, and in so far as 
the work which they perform is concerned the 
eccentrics may be regarded as cams and the 
eccentric rods as tappets. As can l^e gleaned 
from Fig. 17, the head is a separate piece, 
making a faced joint (Y) with the cylinder. 
This joint is not subject to the explosion pres- 
sure as in most designs where detachable heads 
are used, and need only be tight enough to pre- 
vent water-leakage from the jacket. It is re- 
lieved from the explosion pressure because it 
is provided with a coned annular flange (I, K), 
properly water-cooled, and provided with three 
ordinary piston rings, in addition to a wider 
ring, which is covered by a “ junk ” ring split 
into equal halves and preventt^l from rotating 
by pins. The top of the inner sleeve is always 
sliding on these rings, and the combustion 
chamber is therefore rendered tight at the top 
by the inner sleeve and at the bottom by the 
piston. No leakage can occur past the inner 
sleeve, for there is always a thin film of lubri- 
cating oil to seal the joint between the sleeve and 
the rings. F'urther reference to Fig. 17 will show 
the inner inlet ports (H) of both inner and outer 
sleeves, the exhaust ports (F) of both sleeves, 
the eccentric rods (C and D) for the 
outer and inner sleeves respectively, 
and W the actuating layshaft, XX 
being the collars by means of which 
the eccentric rods move the sleeves. 
It would require too much space to 
describe in detail and illustrate the 
positions of the sleeves at different 
periods during the cycle, but the main 
idea of their action can be sufficiently 
understood without such particulars. 
To fully enter into a consideration of 
the advantages mentioned in th0. 
opening lines of this description 
would also occupy too much space; 
but there seems no doubt that they 
can be amply substantiated. A novel 
departure in motor design is the silent 
chain drive between crankshaft and 
layshaft. Lubrication in the Daimler 
models of the Knight engine is by 
splash, holes being cut in both sleeves 
and a long, spiral groove in the inner 
sleeve to keep their surfaces diled. 
That this method must be 
satisfactory can be gathered irom 



Pig. 19." The new Daimler motor. 
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’ ihe fact that, in their 1908 models, the 
Daimler Co. employed forced lubrication. 
Dual ignition is the standard, there being 
two entirely independent systems, each with 
its own set of plugs, all of which are in 
the centre of the cylinder head. The magneto 
is driven by a transverse shaft, skew-geared to 
the layshaft between the forward pair of cylin- 
ders, and on the other end of which is placed 
the water-circulating pump (see Fig. 19). A 
second transverse shaft between the after pair of 
cylinders on the port side drives the vertical 
spindle on which Ine contact breaker for the coil 
and accumulator ignition is mounted. That the 
engine forms a good marine type with no ex- 
posed parts can be seen from Fig. 19, which 
represents the four-cylinder 38h.p. model, which, 
together with the22h.p. and 48h.p. models, form 
the Daimler series. These figures arc merely 
nominal, the power developed at 1,000 revolu- 
tions per minute being 30 per cent, greater, and 
at 1,500 revoluticms per minute about 90 per cent, 
greater. The Minerva Co. will for the present 
only make a 38h.p. model, and the p^ans of the 
Panhard and Merc^d^s firms have not yet been 
disclosed. 

An Accessible Engine. 

As an example of the extent to which accessi- 
bility can be embodied in marine motor design 
no engine can serve better than the Maudslay. 
No method of construction could pos- 
sibly give more ready and convenient 
access to the valves than is repre- 
sented in Fig. 20, which show's a 
four-cylinder 3oh.p. engine wdth 
the valve rages exposed. The cam- 
shaft, which lies alonp- the top of the 
cylinders, is carried in a box borne on 
bridges that are hinged on the star- 
board side and bolted down on the 
port side. Inside the box the cam- 
shaft runs in oil, and the cams act 
on tappets that, protruding through 
the bottom of the case, t)perate the 
valves. When it is desired to get at 
the valves, the b<ilts on the port side 
are removed, and without more ado 
the entire case can be sw'ung over to 
starboard on its hinges, when the re- 
moval of the valves becomes a matter 
only of seconds. In order that no dis- 
mantling of the driving shaft be neces- 
sary, a universal joint is introduced 
in the vertical, skew-gearing at the top 
and bottom, which transmits the mo- 
tion from the mainshaft to the cam- 
shaft. An extension of the camshaft 
at the forward end carries the con- 
tact breaker for the high-tension igni- 
tion, and if a magneto be employed 
it is mounted on a bracket at the rear 
end and driven by spur gearing off a 
similar extension. Large inspec- 
tion doors arc fitted to the crank 


chamber, rendering the adjustment of the 
main bearings or big ends a simple matter, 
and permitting also the withdrawal of the piston 
and connecting rod complete if such need ^ould 
arise. On the port side hopper-shaped attach- 
ments, fitted with lids fastened by a fly-nut, are 
provided for the replenishment of oil in the sump 
or for a cursory inspection. Cylinders are cast 
in pairs for the four-cylinder engines, and /n 
triplets for the six-cylinder models. Between 
all the crank throws there are large bearings. 
Lubrication is forced, the oil pump, which is 
skew driven at the forward end of the engine, 
drawing its supply from a well in the crank- 
case and distributing it to the main bearings, 
whence it flows through the hollow crankshaft 
to the big ends and through the connecting 
rods up to the gudgeon pins. Another example 
of accessibility is afforded by the* generous pro- 
vision of core panels in the cylinder castings, 
whereby the jackets can, when necessary, be 
thoroughly cleaned, gear pump maintains 
the water circulation round the jackets and ex- 
haust pipes. Hot air is drawm in over the 
exhaust pipe to the automatic carburetter. The 
throttle is regulated solely by hand, although a 
governor can be fitted if desired, place being 
found foi' it on the vertical shaft that operates 
the valve gear. All moving parts are balanced. 
Five standard models are built, one series in- 
cluding tw'O, four and six-cylinder engines of 



Fig. 20.-~MaudBlay valve gear 
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Fig. 21. —The enclosed Napier engine. 


2oh.p., .^oh.p. and 6oh.p. respectively, and the 
other being- composed of two and four-cylinder 
motors of i5h.p. and 3oh.p, respectively, all 
running at 900 revolutions per minute 

The Nmpler Motor. 

In the latest series of engines designed by the 
Napier firm there is a thorough and well-studied 
system of encasing all working parts in an in- 
genious manner that amply provides for accessi- 
bility. It is also noteworthy that a small model 
has been introduced, this being a two-cylinder 
loh.p. which forms one of the best and neatest 
patterns of this power on the market. • In the 
design and construction special attention has 
been paid to silence, not merely silence of ex- 
haust, but silence of all moving parts. Both 
cylinders are cast in one piece in the loh.p. 
model, illustrated in Fig. 21. Both inlet and 
exhaust valves are on one side, with the tappets 
and their guides, the valve stems and their 
springs completely enclosed in an oil-tight case, 
access to which is obtained by the large panel, 
shown removed and at the base of the engine 
in the illustration. On the same side and driven 
off the camshaft by over-and-under spurwheels 
are situated respectively the magneto and water 
pump. This gearing is also enclosed in an oil- 
tight case to which access can readily be ob- 
tained. The single central induction pipe and 
the branched exhaust outlet are bolted down in 
a handy manner. Although the automatic car- 
bpretter is situated low down on the opposite 
si^j the mixture pipe is brought up to a throttle 


chamber on top of the engine, which also 
an accessible position. Lubrication, following 
the invariable Napier practice, is effected unde«* 
pressure from an oil pump drawing on a sump 
in the base of the crank chamber. The Awheel 
is fitted at the forward end of the cranlcshaft 
With the exception of the latter feature, the 
larger Napier models possess the same charac- 
teristics. The sizes run from a i5h.p. four- 
c} Under to a 9oh.p. six-cylinder, and include a 
26h.p. four-cylinder and two six-cylinders of 
45h.p. (see Fig. 22) and 65h.p. respectively. On 
the two-cylinder and four-cylinder motors the 
magneto automatically produces the ad- 
vance or retard without any hand control, but all 
the six-cylinder engines are fitted with hand 
regulation to the synchronised ignition system^ 
in which one distributor and one make-and-break 
serve to o|>erate the firing in all cylinders, per- 
fect timing thus being insured. These same 
models are also more refined in details, there 
being, for example, the hydraulically governed 
carburetter, which is exceedingly sensitive to 
variations in load and varies the mixture almost 
instantaneously over wide changes of speed. It 
is the claim of the Napier company that by ex- 
treme attention to detail they provide a .wonder- 
fully controllable engine, and it is in pursuit of 
this refinement that they adhere more to auto- 
mobile practice than to marine motor practice in 
the design of their boat engines. This new series 
has been christened the “ Noiseless.** 

The Parsons Engine. 

Owing to the design of the vaporising valve 
.system, all the Parsons motors are suited to 
petrol fuel without any alteration in the details. 
The low compression required for paraffin being 
unaltered, the engines develop about the same 
power whichever fuel be used. 

Rogers' Motors. 

In addition to multi-cylinder units built up 
from the cylinders of 5h.p. and 8h.p., described 
in Class I., there is a two-cylinder motor of 
8h.p. included in the Roger.s’ list, and similar 
engines of four or six cylinders of i6h.p. and 
24h.p. respectively. Except that the cylinders 
are cast in pairs, these models possess all the 
same features as the w'hole range of Rogers’ 
engines, the type of which is described in 
Class I. 

The Scout Engine. 

A couple of two-cylinder motors of 8h.p. and 
i2h.p. respectively, and a couple of four-c> finder 
engines obtained by duplication of those men- 
tioned, forms the range of Scout multi-cylinder 
models. In detail the design conforms to the 
small engine described under the same name 
in Class I,, the only departure being the adop- 
tion of five main bearings in the four-cyliUdi^ , 
motors. 
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A W0!hewia§Bd Eagiae* 

Only two Simms models are now made for 
marine work specially, although the series built 
up from cylinders developing 6h.p. each is ap- 
plied to the same purpose at reduo^ speed. The 
^mailer marine motor, which is of sSh.p,, and 
designed to run at 750 revolutions per minute, 
has four cylinders cast in pairs, with the valves 
all on one side, AH bushes and bearing surfaces 
are made particularly large, and the design in 
general has been conceived for continuous run- 
ning at full load. All gearing is enclosed, and 
Simms’ high-tension magneto ignition is fitted 
as a standard. The only distinctive feature of 
this and the high-speed series is the provision 
for removing the valve-spring cotters by a lever 
pivoted to a pin on the cylinder casting. In the 
looh.p. model, which runs at 700 revolutions per 


spray carburetter with a regulated feed* and not 
provided with the usual ftet-feed chamber. It 
is claimed to be free from, flooding troubles^ and 
is, of course, independent of the pitching or 
rolling of the boat. 

Tbotnycroft Eagints. 

In the latest models there is not much depar- 
ture from the previous practice of the firm,^ but 
by means of a longer stroke the power developed 
from cylinders of the same bore as hitherto has 
been noticeably increased. The two-cylinder 
engine, illustrated in Fig. 23, thus gives rSh.p, 
at 950 revolutions per minute instead of I3h.p. 
at 1,000 revolutions per minute as in previ- 
ous models, although the cylinders have the 
«ame bore. All the better features of marine prac- 
tice are embodied In the design : J^rge crankcase 



Fig. 22.-~Napitr 45ii.D. auMiylinder engine. 


minute, all the valve gear is mounted on top of 
the engine, where every detail is rendered in- 
stantaneously removable. The valves and their 
scatings are each contained in cages, and by 
the disposition of handy pins the valve rockers 
can be easily displaced. Over each cylinder is 
fitted a hood to protect the valve gear. A centri- 
fugal governor controls the speed by throttling, 
which is also under hand regulation. The crank 
case is amply provided with hand holes. Lubri- 
cation is forced, the crankshaft and pins being 
drilled. Simms’ high-tension magneto ignition 
is, of course, fitted. 

The Standerd. 

When these engines, which are fully described 
in Class IV., are intended to run on light spirit 
the heavy-oil vaporisers are replaced by a patent 


doors, enclosed gearing, cleaning panels to the 
cylinder jackets, forced lubrication and water- 
cooled exhaust expansion box, for example. The 
valves are on opposite sides. Low^-tension mag- 
neto ignition is the standard, and the timing is 
fixed. The control is thus simplified to the 
throttle lever, which, if specially ordered, can be > 
connected also to a centrifugal governor. A 
rotary gear pump maintains the water circula- 
tion. As fitted in the illustration, the engine is 
adapted for running on cither petrol or paraffin 
(see Class IV.). A four-cylinder 36h.p. engine 
of the same type is also made. The next series 
includes a two-cylinder and a four-cylinder 
model, developing respectively 26h.p. and 53h*|>., 
both at 750 revolutions per minute, r Above these 
comes the four-cylinder io5h.p. motdr, illustrated 
in Fig. 24, and turning at 700 revolutions per 
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Fig. 23.— ISh.p. ThornycrofL 


minute. This is designed with nil the valves on 
one side, including the auxiliary starting valves, 
which admit compressed air for setting the en- 
gine in motion. There is one of these valves to 
each inlet-valve chamber. Normally they re- 
main inoperative. For starting they are brought 
into operation by the rod seen on the exterior 
of the crankcase in the illustration and on which 
are mounted four bell-cranks, which draw slides 
into the gaps that normally exist between the 
starting valve tappets and the valve stems, thus 
enabling the valves to be lifted by the motion of 
the third set of cams with which the camshaft 
is provided. It is a simple arrangement, with 
nothing to give trouble. The compressed air is 
admitted by a branched pipe to each double-in- 
let valve chamber. A small hand wheel fitted to 


the after starboard end of the engine 
the rod that throws the valves in or out of 9^}JQSi> 
In this model the low-tension magneto fgni^Oii 
can be controlled, the igniter actuating 
one to each pair of cylinders passing up tnrouglt 
the valve chambers, being driven by skew 
ing off the camshaft and, therefore, giving 
advance or retard as they are turned spirally by 
the timing rod seen alongside the crankcasa 
the illustration. This engine also is shown with 
the paraffin vaporiser that serves both for petrol 
and paraffin, but enables the engine to develop 
only 85h.p., instead of losh.p., as when the com- 
bustion spaces are suited for petrol alone. Ex- 
cept that high-tension ignition is fitted also and 
that the throttle and auxiliary air inlet axO 
separately controlled, the remaining details are 
the same as in the smialler type. The largest 
and most powerful of the Thornycroft models is 
the eight-cylinder 4ooh.p. engine. This is 
exactly similar to the 3ooh.p. paraffin motor de- 
scribed in Class V., exesept for slight modifica- 
tions of the induction system. If petrol alone be 
used, two float-feed carburetters of the ordinary 
pattern are fitted, one to each four-cylinder unit. 


TAp Wear Motor, 

Although it is not long since this name was 
introduced to the marine motor world, it has 
already gained a considerable reputation. The 
manufacturers employ a number of their own 
motors in their salvage work, and seven were 
used in the operations to recover the “ Gladia- 
tor.’’ There are no specially unusual features in 
the design of any of the Wear types. They aU 
run at a moderate speed. In the small series, 
which comprises sets with one, two, three or fouf 
cylinders, each developing about 2jh.p., the 
revolutions per minute number 750; in the next 
series, which includes also a six-cylinder engirie, 
the normal speed is 600 revolutions per minute, 



Fig. 24. -A 109b.p, Jnarine set 
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jC>:lin)der giving- 4h.p. ; and in the larger 
^ •series, «ach cylinder of which is rated at gh.p., 
the speed is kept down to 500 revolutions per 
minute. In addition there is a special series for 
heavy duty, giving i6h.p. per cjlinder at 400 revo- 
lutions per minute. Cylinders are cast separately 
with all the valve gear on one sid-e. Very large 
inspection doors are litted to the crank chamber, 
these covering the whole of one side from the 
shaft line to the top of the case. Bearings are 


fitted between all the crank throws, and splash 
lubrication has been adopted. In the design of 
the connecting rod small end the impossibility 
of preventing wear has been recognised, and 
large adjustable bearings have been provided, 
the gudgeon pin being fixed by through bolts 
that extend to the bottom of the piston trunk to 
facilitate removal. Plunger pumps are used for 
the water circulation, and similar ones are fitted 
for the bilge draining. 


Class 111. 

Tbe following petrol two-stroke engines are demit with j 


Ajax. King. 

Boulton and Paul. Mitcham. 

Day Autonuirine. Popular. 

Dolphin. Reliable. 

Fairbanks. Standard. 

Fairbanks-Morse. 


An Example of Alr-scavengittg* 

Amongst the numerous attempts that have 
been made to improve upon the two-cycle engine 
in its simplest form, one of the most interesting is 
that of Bamford’s air-scavenging action, which 
is embodied in the design of the Ajax motor. 
It is always said that tlie principles of the tw’o- 
stroke cycle prevent the exhaust from being so 
thoroughly cleaned out of the cylinder as it 
should be, and, further, that the inrushing mix- 
ture, being under pressure from the crankcase, 
partly escapes through the exhaust port before 
this is clo.sed. These objections have attracted 
the attention of many minds, but nothing 
simpler in relation to its effectiveness than Bam- 
ford’s scavenging has yet been devised. Its 
method of operation lies in the aspiration of pure 
air into a chamber intermediate between the 
cylinder and crankcase, and the subsequent 
sweeping of this air into the cylinder by the 
rush of mixture from the crank chamber. Thus, 
in Fig. 25, whilst the gas mixture is being 
drawn into tlie base chamber through a non- 
return valve in the ordinary way, pure air i.s 
aspired into the annular intermediate chamber 
through a non-return valve. The annular cham- 
ber can be clearly seen to communicate with the 
cylinder, but the diagram does not as clearly 
demonstrate the connection with the base cham- 
ber. On the down stroke of the piston the 
exhaust port first opens to permit the burnt 
gases to escape, but the inlet port commences 
to be uncovered very shortly afterwards, and is 
fully open almost as soon as the exhaust port. 
Only one passage exists for the transference of 
the compressed mixtugs from the crank chamber 


to the combustion space, and that passage lies 
through the intermediate chamber. Driving the 
layer of pure air before it, the mixture rushes 
into the cylinder, and it is clear that any loss 
that must occur will be of pure air only. More- 
over, the opening of the ports is calculated to 
ensure that a plenitude of air shall pass out 
through the exhaust port to scavenge all re- 
maining burnt gas out of the cylinder. Control 
is effected by a special throttle operating both 
on the supply of explosive mi.xture and on the 
supply of scavenging air. A lloat-feed carbu- 
retter is employed instead of the more customary 
vaporiser valve. Standard ignition is by the 
high-tension accumulator and coil system. 
Lubrication forms a special feature, the oil 
being fed under pressure to the main bearings, 
connecting-rod ends and cylinder walls by pres- 
sure obtained from the scavenging air through 
a non-return valve. Each sight feed is adjust- 
able. In order to reach the crank and gudgeon 
pins the oil travels through ducts borccl in the 
crank‘^haft and connecting rod. A rotary water 
pump is employed, and the circulating water 
passing out from the cylinder jackets is sprayed 
into the exhaust box to cool the burnt gases. 
As will be noticed from the diagram, large 
balance weights are added to the crankshaft in 
order to reduce vibration to a minimum. 
Standard mcxlels include two series of single, 
double, and treble-cylinder engines, developing 
respectively per cylinder sh.p. and yjh.p., the 
corresponding normal speeds being 650 revolu- 
tions per minute and 550 revolutions per minute. 
A single-cylinder 3h.p. and two-cyJinder 6h.p., 
de.signed to turn at 750 revolutions per minute, 
complete the Thst. 
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Fitf. 25.~Tb6 Ajax motor. 


A Revergible Baglae. 

In the Boulton and Paul motors, as in most 
engines of this class, the crank chamber is 
used as the pump-compression chamber, leak- 
age being guarded against by the long bearings 
shown in Fig. 26. Although only a small in- 
spection hole is fitted to the crankcase, this i*' 
no disadvantage to a two-slroke engine when, 
as in the present case, access to the crjt.nk cham- 
ber can be obtained by the removal of the end 
plate next the flywheel. A simple cylinder cast- 
ing is used, with the water-cooled exhaust ex- 
pansion box bolted to it. Not only is the water 
led away from the cylinder jacket through this 
box, but a water spray is arranged into the ex- 
haust chamber, a method that by cooling the 
waste gases so thoroughly conduces to efficiency 
by the reduction of back pressure. The water 
pump, which is of the plunger type, is bolted 
to the rear end of the cylinder, the ram being 
operated by an eccentric rod off the main shaft. 
A grease cup is fitted to the eccentric strap. A 
stuffing gland with lock nuts permits the pump 
to be kept tight. High-tension accumulator 
ignition is employed, the contact breaker being 
fitted on the forward end of the crank.shaft. It 
consists merely of a shell containing a contact 
segment, the contact pin, which is stoutly made 
and easily renewable, being fitted into the fly- 
wheel, where it is quite accessible. The timing 
is regulated by the transverse movement of the 
attached lever^ which bears at the top a switch. 
As the engine is required to reverse, the current 


is broken at the switch, the lever thrown 
over against the direction of rotation, and 
switch again closed. Two grease cops are; 
fitted for the main bearings, and a sight*feed 
oil drip lor the cylinder. By means of directing 
grooves cut in the piston and leading to a hole 
drilled through the centre of the gudgeon pin, 
oil runs through chases on the surface of the 
pin and in the bearing to lubricate the small end 
in addition to the splash. A useful feature for 
the conservation of the proper compression is 
the fixing of the diagonally-lapped piston rings 
by means of pins. Stock sizes are the single- 
cylinder motors of zh.p., 3h.p. and 5h.p. and the 
double-cylinder loh.p., the other models being 
thi two-cylindcr 8h.p., ish.p. and 3oh.p., the 
three-cylinder i5h.p., and the four-cylinder 2oh.p. 
and 3oh.p., all at (>50 revolutions per minute. 

Th 0 Day Auto marine Sets, 

In the latest designs the engines that bear the 
suggestive title Autoniarinc have been improved 
in detail. A typical model, the loh.p. doubk- 
cylinder, is illustrated in Fig. 27. Both cylin^ 
ders are cast in one piece, with a single, central 
gas inlet and a corresponding arrangement of 
the exhaust outlet. In this manner an excellent 
induction of the mixture is obtained, for the 
explosive gas is drawn into a chamber between 
the two cylinders, and because both draw their 
supply from this common space it is practically 
impossible for one to get a different mixture to 
the other. A float-feed carburetter, provided 
with a silencing hood to deaden the noise of the 
inspiration of air, is fitted as shown. This in 
itself is an uncommon but desirable accessory 
of two-stroke engines. The principle which Mr. 
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Daiyi the designer of this engine nnd the abso- 
lute originator of the valveless two-cycle motor, 
adof^ted aa far back as 1890, of admitting the 
lubricating oil with the gas mixture, is utilised 
In this model, it possesses the very valuable 
feature of rendering neglect of the oil system 
practically impossible. A sight-feed drip lubri- 
cator, placed well in view at the top of the en- 
gine, regulates the supply, and by this system 
lubrication is furnished to all the working parts 
except the main bearings, which are fed by 
grease cups. A bracket, bolted to the top of the 
crankcase, carries both the water pump and the 
contact breaker, the spindle for which is driven 
by a chain off the main shaft, and has proved 
quieter than if operated by spur gearing. A 
large cast-iron expansion box is fitted to the ex- 
haust side of the engine, and into the cooling 
jacket of this the circulating water from the 
cylinders is discharged before being passed out- 
board. The control provided by the throttle and 
the ignition gives a very effective range of speed 
—from a comparatively small number of revolu- 
tions per minute up to the maximum of 
yoor.p.m. A full range of models of different 
powers is provided, all possessing the same 
characteristic features of the particular engine 
herewith described. 

Dolphin, 

This engine, the most recent addition to the 
two-stroke class, has at the time when these 
chapters are being compiled only just been 
placed upon the market. It differs from the 
others in having a separate pump for compress- 
ing the mixture before it enters the cylinder. 
Pump and cylinder are set diagonally at rather 





TIi, IT.-'Automyri&e llttii). motor. 



less than a right-angle, and, being slightly stag- 
gered in respect to each other, both connecting 
rods are brought almost in the same plane, but 
the pump rod, instead of bearing on the crank 
pin, is linked to a pin on the upper half of the 
big end of the driving connecting rod. Owing 
to the angle between the pumps and working 
cylinder, the pump piston has a slight lead. It 
commences to draw in mixture from the carbu- 
retter before the piston of the working cylinder 
reaches the top of its compression, and completes 
half its travel before the working piston com- 
mences to descend. It therefore commences tc 
compress its mixture when the working piston 
is halfway down the power stroke. The burnt 
gases pass out of the working cylinder through 
ports, as usual, and the mixture from the pump 
then passes through the delivery pipe to the auto- 
matic inlet valve situated in an air-cooled bottle 
on top of the working cylinder. The pump is at 
the top of its stroke when the working piston is 
halfway up the compression, and at that 
moment, therefore, the inlet valve doses, the 
pump commences another suction stroke, and 
the working piston continues to compress the 
explosive charge until it is ignited just before the 
top of the stroke. The working cylinder is 
water-cooled, and has a coned combustion space, 
lo which the inlet valve bottle is attached. Ribs 
on the latter serve lo cool it. Splash lubrication 
is employed, and high-tension ignition is fitted 
as a standard. Later reports of this engine will 
be interesting. 

Ail American Two-stroke Type, 

A very wide range of power is provided by 
the Fairbanks engines, which are constructed 
on the three-port system. The cylinder is cast 
in one piece with the upper half of the crank* 
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Fig. 29.— Fairbanks engine. 


case. The water-cooled cylinder head, which is 
counterbored to leave a ring projection fitting 
closely to the cylinder wall to prevent the blow- 
ing out of the gasket, is bolted down by studs, 
and is also provided with two small lifting 
jack screws for the purpose of facilitating its 
removal. Both the exhaust pipe casting and the 


gas inlet pipe are water-jacketed, the former 
cooling and the latter for warming. In w 
sizes the cranks are balanced. A novel form of,, 
piston is used, from which a two-fold advantam . 
is obtained. Referring to Fig. 28, it can 
perceived that the top of the piston is oblique to 
guide the burnt gases through the exhaust port, 
whilst the customary baffle is fitted next liie 
inlet port. It is, however, in the arrangement 
of the port opening D that the novelty lies. This 
being cut in the piston trunk at a suitable height, 
not only can the compressed mixture find an 
easy path from the crank chamber into the com- 
bustion space, but the explosive charge being 
cool and sweeping past the gudgeon pin and 
piston top tends to reduce the heat in that part 
and thus to facilitate lubrication. A float-feed 
throttling carburetter is fitted to all models, and 
being of the automatic type confers a great ad- 
vantage in economy, controllability and effi- 
ciency. An auxiliary air port is provided for 
running at low speeds. Hot air is taken into the 
carburetter from around the exhaust pipe. 
Lubrication, which is by splash, is rendered 
more effective by holes bor^ in the big ertd, 
the oil picked up by the big end itself, and by 
the balance weights being constantly fed in. 
Further, the sight-feed cup supplies a constant 
drip through the pipe S, which enters the crank- 
case over the crank-pin circle. The same cup 
feeds the cylinder walls and the gudgeon pin, the 
latter being hollow for the purpose. Grease 
cups are used for the main bearings, which are 
very long. On the three and four-cylinder en- 
gines forced lubrication is employed. This is 
effected by a series of small pumps in a tank at 
the side of the engine, the pump spindle being 
driven by a thin, round belt off the water-pump 
shaft. Over each small pump is a sight-feed 
glass and adjustment. In the single-cylinder 
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"chines the jacket water ia^circujated by a pli^- 
g-^* pump operated by an eccentric rod, as in Fig. 
19, where the plunger rod guide is also visible. 
In the same illustration can be seen the water 
connection from the exhaust pipe jacket to the in- 
let pipe jacket. Ignition is by high-tension coil 
from an accumulator, the contact breaker being 
mounted on a vertical, bevel-geared spindle at 
the forward end of the engine, and being at the 
level of the cylinder head, it is quite accessible. 
Great attention has been paid to insulation. A 
hood is fitted over the sparking plug. The main 
portion of this cup is made of porcelain. A re- 
cessed neck on one side |K‘rmits the introduction 
of the clip terminal, and this connection being 
covered by a piece of rubber tubing, the insula- 
tion is most eficctive. On the multi-cylinder 
engines recourse is made to a rotary pump for 
the water circulation, spur gearing at the after 
end of the engine being used for the drive. In 
adding that handholes are fitted to each crank 
chamber on both sides, the description of one 
of the most refined two-cycle engines on the mar- 
ket is completed. A four-c} linder 35h.p. engine 
is illustrated in Fig. 30, which shows the oil- 
pump box; Fig. 29 refers to a single-cylinder 
8h.p. motor. The models include single-cylinder 
engines of 6h.p. and 8h.p., turning at 900 revolu- 
tions per minute and at 750 revolutions per 
minute resf)ectively ; two-cylinder engines de- 
veloping i2h.p. and ibh.p. at the same respec- 
tive speeds ; three-cylinder units giving 2oh.p. 
and 25h.p. also at (he same respective speeds ; 
and a four-cylinder 3511 p. motor turning at 750 
revolutions per minute. 

The Fmirbanks- Morse Engine, 

An excellent series of refined engines, in two 
patterns, is made by this firm, in addition to its 
four-cycle types. In the first pattern the cylin- 
ders are cast separately with the upper half of 
the crankcase, in which large hand holes are 
fitted, the water-cooled heads being de- 
tachable, while in the second pattern 
they are cast solid with the cylinders. 

The crankshaft is hiilanced, the exhaust 
pipes are waler-jacketcd, and both the 
pump and contact-breaker gearing is 
completely enclosed. The inlet and ex- 
haust pipes are on the same side, and 
bolted to the cylinders by a common 
yoke, with only one bolt per cylinder. A 
single carburetter of the float-feed pat- 
tern, with throttle, is fitted alike to one, 
two or three cylinders. High-tension 
coil and accumulator ignition is em- 
ployed, the contact breaker being 
mounted accessibly on a vertical spindle 
forward.* Sight-feed lubrication is fitted 
to the cylinders, grease cups to the main 
bearings, and splash for the connecting- 
rod bearings. The solid-head models 
are a single-cylinder 32h.p. and a two- 
cylinder yh.p., turning both at 650 


revolutions per minute; whilst the detachable- 
head series includes a single-cylinder 6h.p., a 
two-cylinder lah.p., and a three-cylinder i8h.p., 
all running at 600 revolutions per minute, llie 
latter is illustrated in Fig. 31 with the carburet- 
ter removed. 

An Original Motor, 

Several divergences from usual two-strolce 
practice mark the King engines, but the.^e occur 
mainly in the multi-cylinder models. Common 
to all sires is the casting of the upper half of 
the crank chamber integrally with the cylinder 
and jackets, but st'parate from the uncooled 
head. Low-tension ignition by accumulator and 
trip igniters is adopted. The cylinder is lubri- 
cated by a sight-feed oil cup, the splash w'ell 
in the crank chamber being replenished by a 
separate oil cup. The main bearings are fitted 
with grease cups, the grease being retained in 
the bearings by the compression stuffing boxes. 
1 he usual plunger pump, driven by an eccentric 
off the main shaft, is used for the water circu- 
lation. These features are common to all King 
engines. In the multi-c> linder sizes, howwer, 
the vaporiser valve of the single-cylinder motor 
is replaced by an ordinary float-feed carburetter, 
and the trips for the igniters are placed all on 
one shaft running in bearings on the walls of 
the cylinder jackets, where adjustments can 
easily l>e made. It is driven by a vertical 
spindle and bevel gearing ofT the main shaft, 
and one lever controls the ignition of all cylin- 
ders in what is probably the simplest method pos- 
sible with low-tension ignition. The full range 
includes a series of one, two, three and four- 
cylinder engines, developing 6h.p. per cylinder 
at 450 revolutions per minute ; another series of 
one, two and three-cylinder motors giving 4ih.p. 
per cylinder at 50or.p.m., and a small 2h.p. 
single-cylinder running also at 500 revolutions 
per minute. 
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Fig. 32.~A Mitcham marine set 


Mitcbam Motora. 

Of two-stroke engines, the Mitcham F. and 
B. must be reckoned among the most widely 
used in this country. Although possessing the 
simplicity inherent to the two-cycle motor, it 
does not suffer ft-om excessive simplicity. It has 
a refinement ot detail which some examples of 
this type do not possess, and it is a thoroughly 
marine job, as its adoption by the National Life- 
boat Institution testifies. A general idea of all 
the models is given by the illustration of the two- 
cylinder 7h.p. pattern in Fig. 32. Each cylinder 
forms a unit in itself with its own crank cham- 
ber, being cast in one piece \\ithout the cylin- 
der head and without the end plates of the crank 
chamber, but with the inspection holes in the 
base. This frame, as it may be called, is the 
basis of each cylinder unit. When the water- 
cooled head is bolted down and the moving parts 
fitted, with the end plates of the crankcase in 
their proper position, bearing the crankshaft, the 
unit is complete but for the piping and ignition. 
I'he ports are, of course, cast in the frame, and 
there is only to fit the vaporiser to the inlet and 
the exhaust pipe to the outlet. Low-tension 
ignition is employed as a standard. The igni- 
ter plug is ground to a fit in the cylinder head, 
and is operated by a revolving spindle, driven by 
bevel gear off the crankshaft, and passing up 
through the water jacket in a water-tight tube. 
The trip gear of the igniter has a very rapid 
action. For two-cylinder engines the spark is 
obtained from a battery, but for larger motors 
a magneto is used. In multi-cylinder motors the 
timing of the ignition is controlled by a single 
rod running along the heads of all the cylinders 
and moving simultaneously the position of all the 
tripping cams. As this engine is intended to 
run only in one direction, the igniter cams are 
worked over littlo clutches, which throw the igni- 
tion gear out of action if the engine starts in the 
wrong direction. Over each cylinder head, pro- 
tecting the ignition from spray and damp, is a 
neat cover, which is distinctive of the Mitcham 
design, ^ch vaporiser valve is governed, not 
by a variation of the air supply, but by a needle 
valve in the petrol pipe to choke the supply of 
fuel, the quantity of air drawn in remaininer con- 
stant. This system prevents an accumulation 
of petrol in the base chamber. A fitting that is 
seldom found in these vaporisers or generator 


valves is the connection of a hot air-pipe to the 
main air nipple, thus ensuring a warm air supply 
favourable to a good gas mixture. This heating 
arrangement is adjustable. A water jacket is ap- 
plied to the exhaust pipes from the engine to below 
the floor level, and the water is then discharged 
overboard through the silencer. All these en- 
gines run at the very efficient speed of between 
450 revolutions per minute and 500 revolutions 
per minute, but a light-weight model for fast 
launches can be supplied to run at qoor.p.m. 
The powers vary from 2h.p. to 33h.p. in multi- 
cylinder sets built up from cylinders giving ah.p., 
3ih.p., sih.p., and yh.p., a series of 16 patterns 
in all. Under Class V. will be found a descrip- 
tion of the alterations made in these motors to 
suit them for the consumption of paraffin. 

The Popular Motor. 

Having a throttle fitted to the mixture pipe 
between cylinder and crankcase, the.se engines 
are almost exceptional in their class, for by far 
the greater proportion of two-cycle motors are 
not provided with this method of control* 
General opinion inclines to the belief that no 
greater degree of controllability is furnished by 
the throttle than by the almost universal regu- 
lation on the fuel feed, so far as this type of 
engine is concerned, but in the absence of any 
tests on this point it would be futile to declare 
any definite opinion. In any case it is certain 
that no disadvantage can accrue from its adop- 
tion, and it must merely be conceded as a detail 
to be settled by the designer’s inclinations. The 
usual crankcase compression is used, and an 
ordinary vaporiser valve is fitted with hand regu- 
lation on the fuel feed. It is only in the addition 
of the throttle that the design differs so mar- 
kedly. Each cylinder is cast separately from the 
head, but in one piece with the upper half of the 
crankcase, on both sides of which small inspec- 
tion panels are arranged, those on the port side 
having the vaporisers attached. Compression 
grease cups are screwed to the main bearings, 
which are channeled to distribute the grease. 
Splash lubrication is relied upon for the connect, 
ing-rod ends in the smaller motors, but in sizes 
above 8h.p. independent lubricators are used 
for the crank and gudgeon pins, which in all 
models are provided with oil ways. Ordinary 
drip feed is fitted for the cylinder walls. Low- 
tension ignition from accumulators has been 
adopted, but magneto can just as easily be sup- 
plied. In the single-cylinder models the trip 
rod is operated directly by an eccentric, but for 
two or more cylinders an exterior spindle, com-* 
mon to all, is used for the purpose, the eccen- 
tric then driving this at the after end. .The 
plunger pump lies horizontally on the bed plate, 
apd at right angles to the crankshaft, off w'hich 
it Is driven by an eccentric rod. Single, double, 
three and four-cylinder units of 8h.p. per cylin- 
der at 400 revolutions per minute form the main 
series of the Popular engines, but single-cylinder 
• G 
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.engines are also made. On going to press we 
learn that these engines are being entirely re- 
designed, so that the above particulars are sub- 
ject to correction. 

An Engine with n Cross^bend. 

Though altered in design, the present type of 
Reliable motors retains the essential characteris- 
tics of the pattern which has for several years 
been acknowledged as among the theoretically 
most correct of all two-stroke engines. It is 
notable in possessing a pump chamber that is 
quite independent of the crankcase. The fun- 
damental principle can be clearly traced in the 
section, Fig. 32 a, illustrating the details of the 
three-cylinder joh.p. model. The mixture from 
the carburetter (c) — which is in this case the Uni- 


aclly the same as in other two-stroke engines. 
Obviously, the double-action <jyUn4«r requires 
the use of a piston rod and crosshead. The dis- 
position of this can be clearly seen in the illus- 
tration. The piston rod is bolted to the piston, 
and passes through the lower cylinder cover in 
a stuffing box. 7'he crosshead guides are ma- 
chined from an integral portion of the upper 
crankcase casting. Whenever adjustments need 
to be made to the brasses — and it will be but 
seldom, because they are proportioned to their 
work — the tightening can be effected through 
the large ins])ection doors of the crankcase. In 
this manner the brasses of the main bearingb, of 
the top and bottom ends of the connecting rods, 
and of the crosshcads are all accessible, and the 
guides and guide shoes can also be immediately 



Fig, 32a.— The Reliable motor, showing crosshead guides, etc. 


versa! paraffin carburetter— is aspired into the 
lower portion of the cylinder through the port 

(g) as the piston ascends. The lower portion of 
the cylinder forms a separate chamber, bounded 
at the bottom by a plate, and at the top by the 
piston and surrounded, by the cylinder walls. 
When the piston reaches the top of its stroke, 
the working charge for the next explosion is all 
contained in this chamber under the piston. On 
the down travel the piston, as usual, first un- 
covers the exhaust port, allowing the burnt 
gases to escape, and then immediately after- 
wards the inlet port is opened, whilst a port 

(h) in the piston trunk simultaneously registers 
with a lower port (d) in the cylinder, thus permit- 
ting the compressed charge to rush through the 
passage (f) into the cyltfider, * The cycle is ex- 


reached without the removal of any cylinder or 
cylinders. Another novel feature of the design 
is the casting of the water jackets separate from 
the cylinders, to which they are bolted by Muntz 
metal studs in the crown, the jacket joints being 
ground true. This construction enables not only 
the cylinders to be machined inside and out, thus 
ensuring even thickness of the walls, but also 
ensures a clear annular space for the water cir- 
culation and provides a means of cleaning out 
any sediment. The inlet ports in the cylinder 
walls, being covered by cast-iron, removable 
doors, can be accurately machined instead of 
being cast with more or less accuracy according 
to the amount of care bestowed on the casting. 
The induction piping, further, being screw^ 
into flanges bolted to the cylinders, enables the 
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mixture intake port to be just as mathematically 
correct in position and size. Du^^l ignition is 
fitted, both sparking plugs being in the cylinder 
crown. The magneto is driven by a chain off 
the main shaft at the forward end. Splash lubri- 
cation is employed. For the water circulation a 
plunger pump driven by an eccentric is used. It 
will be plain that by the abolition of crankcase 
compression a much more compact engine is 
obtained than is possible with the ordinary type 
■of two-stroke motor, each cylinder of which has 
its own crank chamber and very long bearings 
to prevent leakage. No necessity arises in the 
Reliable system for introducing any feature into 
the construction of the crankcase other than is 
found in four-cycle engines, and, of course, one 
crank chamber serves for many cylinders. For 
the benefit of those who have no knowledge of 
steam practice, it may be added that the piston 
rod and crosshead form an inseparable feature of 
the construction of all steam engines of the 
double-acting type. 

The single-cylinder models develop 3ih.p. and 
d^h.p., and the two-cylinder engines yh.p. and 
izh.p., whilst larger sizes from iSh.p. to 75h.p. 
are also made. 


Tbm 

There is nothing very unusual about t\i<j 
Standard motors of this type, but they represent 
an excellent example of careful preparation for 
marine work. The cylinder is cast separately 
ftom its head, and the crank chamber open- 
ended. In the uncooled cylinder head is situ- 
ated the igniter gear of the low-tension firing 
system, the trip being operated by a spindle 
driven from bevel gearing on the crankshaft and 
passing up through the cylinder jacket. Over 
all is a protecting hood, fitting neatly to the 
top of the cylinder. A patent spray carburetter, 
without a float-fed supply chamber supplies the 
mixture, which passes to the crank chamber 
through a passage in the hot-cylinder walls. 
Compression grease cups and oil lubricators, 
with splash in the crankcase, ensure proper 
lubrication. On the single-cylinder engines the 
rotary water pump is chain driven, but on the 
multi-cylinder models both magneto and water 
pump are gear driven. Single-cylinder motors of 
2h.p., 4h.p. and 6 h.p., and two-cylinder units of 
8 h.p. and izh.p., form the chief patterns of the 
England Standard, but larger engines are also 
constructed. 
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are denIt 

Barcar. 

Seal. 

Gardner. 

Standard, 

Kelvin. 

Thornycroft 

Parsons. 

Wear. 

Pasley. 

Woodnutt. 


Brnrcer, 

Only one model for paraffin fuel is made, 
and this differs in design tom the petrol en- 

f ines of the same name, described In Classes 
, and II, It is a single-cylinder motor, de- 
veloping 6h.p. at boo revolutions per minute. 
The vaporiser is of a simple pattern, exhaust 
heated when the engine is running, but requir- 
ing a blow lamp, for the initial warming unless 
petrol be used for starting up. In place of the 
usual throttle there is a variable lift device on 
the inlet valve, and this is controlled both by 
hand and by the governor. Low-tension mag- 
neto ignition is employed on this model, but 
the remaining details are similar to those of the 
Barcar petrol engines. 

The Gardner EttgiMem 

It would be difficult to name an engine that 
has obtained a wider reputation than the excel- 
lent Gardner paraffin motor, which is to be 
found in vessels of all types all over the world. 
It has been on the market a number of years 
\iiow, and has, of course, thus had perhaps the 
greatest opportunities for becoming known. Yet 
It could never have earned its renown had it 
not been a thoroughly serviceable and reliable 
engine. There exists a rather widespread im- 
pression that the design is complicated,' but this 
is based on the very unsatisfactory grounds that 
an illustration, such as Fig, 33, which repTOsents 
a two-cylinder loh.p. model running at boo re- 
volutions per minute, shows a number of fittings 
that are not customary in marine motors. If 
the details be examined, it will, however, be 
found that they possess no intricate parts. For 
example may be cited the hood that deadens the 
; noise of the air being sucked into the inlet 
' valves. This is a mere box. Again, the domes 
that steady the supply of oil in the pipes feeding 
Itbe vaporisers loom large in the illustration, but 
are only shaped pieces of metal with no 
moving parts and subject to no strain. Thus it 
IS wim the entire design : there is no compli- 
eatbn. In referring particularly to the accom- 
panying Illustration it ,wm be noticed that each 


cylinder is cast separately with the exhaust valve 
on the port side and the vapf)riser on the star- 
board side. Each vaporiser has a burner under- 
neath whereby it can be warmed for starting up. 
The burners are protected from draughts and 
wind by screens, a door in the front of which 
gives access for lighting them and for inspecting 
the heat of the vaporiser walls. Paraffin 
is fed to them under pressure, and they 
are regulated by cocks in the supply pipe. 
When the engine is turning the oil is 
sucked into the vaporiser when the automatic 
inlet valve opens, and being immediately vapor- 
ised in the hut chamber forms a rich mixture 
with the small quantity of air admitted there. 
As the piston descends and the suction grows 
stronger, a snifter valve in the centre of the 
combustion head also opens, admitting a small 
quantity of air to mix with the gas already in the 
cylinder and permitting a few drops of water 
to enter. On the compression stroke the whole 
mixture in the cylinder is rendered uniform, and 
at the top of the stroke the spark from the low- 
tension magneto ignites the gas and explodes it, 
the water deadening the. knock that might then 
otherwise occur. When the engine has run for 
a couple of minutes the lamps can be turned 
out, and the vaporisers will then maintain their 
heat tom the explosions, being open to the 
combustion chambers. It is quite simple and 
there IS no complication about the system, the 
main air inlet valves, the oil feed and the water 
for the cylinder drip through the snifter valves 
having all an automatic action. Governing is 
performed on the hit-and-miss system, the action 
of the centrifugal governor being to keep the 
exhaust valves clo^ until the speed returns 
again to the normal. The retention of the ex- 
haust gases maintains the vaporiser hot during 
the idle strokes. This governor also controls 
the timing of the ignition, which can be regu- 
lated by hand independently. Splash lubrica-" 
tion is employed. The water, after passing 
round the cylinders, is discharged into the cool- 
ing jacket of the e.\haust box. Several series 
of engines are constructed on the same general: 
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litier' ai^d they ewer a very large range of 
powers. There are sets of one, two, three or 
ftnar cylinders, giving sh.p. and yjh.p. per cylin- 
der respectively, the first at Soor.p.m. and the 
second at 75or.p.m. ; and three other series that 
are mentioned in Class V. A type suitable for 
high-speed work is found in the four, six and 
eight-cylinder models that give 2oh.p. per cylin- 
der at goo revolutions per minute. The largest 
of these have been installed in vessels belonging 
"to a foreign navy, no fewer than eight of these 
eight-cylinder engines having been sup- 
plied for the purpose. 

A Coaverted Petrol Bugiae* 


be gathered that the valves hre combined, 
exhaust valve being seated upon the tubuh^ 
inletyvalve. The exhaust gases pass through 
the centre of the latter and emerge throujgli 
ports at the bottom of the valve, to pass awaf 
to the exhaust pipe. The incoming sprSQjk 4 
charge, impinging upon the hot barrel of the 
inlet valve, is vaporised at the moment before 
it enters the cylinder. When paraffin is being 
used there is no vaporisation in the carburetter* 
and no additional heat required for it; there- 
fore, there can be no subsequent recondensatioa 
in pipes between the carburetter and the cylin- 
der, nor can any liquid fuel reach the combus- 
tion chamber. The amount of heat is not so 


When required to burn paraffin fuel, the Kel- 
vin motors are slightly altered. The combustion 
space is changed and an exhaust-heated vapori- 
ser is added with one spraying jet for each pair 
of cylinders. Water drip valves are also fitted 
to the cylinder heads. Starting is effected on 
petrol, but the light spirit does not burn very 
well when the vaporiser is heated up, and better 
running is obtained with the heavier fuel. All 
the Kelvin models can be altertxi in this manner. 

A Concentric Vslve Motor. 

A peculiar disposition of thf2 valves singles the 
Parsons engine out from all other marine 
paraffin motors in the same distinctive fashion 
as the inversion of the cylinder marks the Seal. 
From the accompanying <iiagram (Fig. 34) it can 


great that any prejudical effect is noticed if the 
engine be kept running on petrol after it 
warmed up. In the latter case, warm air from 
near the exhaust pipe is supplied to the catbi^ 
retter. Although it is easiest and handiest to 
start upon petrol, either by pouring a little 
spirit into the carburetter through a special 
filler or by the supply from an auxiliary tank„, 
it is also possible to set the engine turning on 
paraffin. The carburetter employed is a Par- 
sons adaptation of a Longuemare, designed to 
withstand initial heating with a blow lamp for 
starting on paraffin. An adjustable needle valve 
permits the variation of the jet orifice to suit the 
particular fuel used, but for starting on petrol 
the adjustment for the heavier oil need not be 
disturbed. Both inlet and exhaust valves are 
mechanically operated by 
separate cams, both valves 
lifting on the inlet stroke, 



the exhaust necessarily re- 
maining seated on the in- 
let, but only the exhaust 
valve lifts on the exhaust 
stroke. One spring, cotter 
and washer serve for both> 
valves. A view of the yh pi 
single-cylinder engine Js 
given in Fig. 35, where the 
needle adjustment, spirit 
filler and adjustable air in- 
let of the carburetter are 
clearly shown. The m^hpd 
of driving the water pump 
by helical gearing is also 
visible in the foreground. 
An ingenious compresfinon;«. 
relief valve, which 
itself in every time it is 
used, is fitted, the prindpH 
embodied being that, 0*® 
thread of the male ste^ iSl- 
half the wddth of the 
thread, and rotatlon^y< 3 ^ 
the closing point ' of Jhe 
valve takes plax^ each.t&n^ 
it reaches its seat* 
ing is enclosed. 
specdon panels are to 
the dtmk chfunb^'lja 
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model. In the multi-cylinder engines the ex- 
haust branch pipe is arranged to allow for 
expansion when hot, and does not thus force the 
cylinders out of line. Splash lubrication only is 
employed, and high-tension ignition by accumu- 
lator and coil is the standard. In addition to 
the yh.p. motor mentioned, sets of two, three 
and four cylinders are built up from the same 
unit to give i^h.p., 2ih.p. and 28h.p. respectivelx 
at 700 revolutions per minute, and there are also 
three-cylinder and four-cylinder models, de- 
veloping 45h.p. and 6oh.p. respectively at 550 
revolutions per minute. Reference is made to 
larger sizes in Class V. that covers engines turn- 
ing at a slower .speed. 

Pasley Engines. 

In general, the description of the medium- 
speed Pasley engines, described in Class V., 
applies to the high-speed models of the same 
firm. Low-tension ignition by means of a bat- 
tery and intensifying coil is fitted as the 
standard, but can be supplemented or replaced 
by a magneto, the igniters being actuated olT the 
camshaft. The valves are in this type situated 
in overhanging pockets, the camshaft being car- 
ried in bearings outside the crankcase and shoes 
being interposed between the cams and valve 
rods, In the single-cylinder patterns balance 
weights are added to the crank. One, two and 
four-cylinder engines are built up from a series 
of cylinders developing respectively 4 Jh.p., yh.p., 
loh.p* and I4h.p. at 1,000 revolutions per 
minute, and there is in addition a larger and 
heavier design giving 25h.p, at 750 revolutions 
per minute. The smallest cylinder has auto- 
matic inlet valves, but mechanically-operated 
valves are fitted to the larger patterns. 


An ** Overtype ” Motor. 

tt is not surprising that the Seal is one of the 
best-knowm engines in the marine motor world, 
for it is of a unique type, and there is nothing 
like originality for the making of a wide reputst- 
tion. Its peculiarity is the inversion Of the 
cylinder and crankcase, the latter being on top 
and the former underneath. The combustion 
chamber, w^ater jacket and port to the cylinder 
head are all contained in one base casting with- 
out any joint. The balanced crankshaft runs in 
phosphor-bronze bearings above the combustion 
chamber, and is enclosed in the dome-shaped 
crank cover that carries the lubricators for the 
bearings, crank pin, etc., as showm in Fig. 3b. 
The crank dome cover can be removed with half 
the bearings for the inspection of the piston and 
connecting rod, without dismantling any other 
part of the engine. The wholL of the valve 
gear, oil feed and ignition gear can be removed 
independently of the cylinder. Owing to the 
cylinder head being below the water line, when 
installed in a boat, and to the natural tendency 
of warm water to ris(^ above the cold, the water 
circulation is automatic. A valuable feature of 
the design of the connectint; rod is the provision 
for adjustment both at the gudgeon-pin and 
crank-pin end b> means of a strap. Lubrication 
provides no difficulty whatever, being eflected 
by the drip from the oil cup above the engine 
at each down stroke of the piston, being splashed 
on each end of the connecting rod and the hulk 
falling into the trunk of the piston, where it is 
gradually used. A diagram of the oil feed and 
vaporiser is shown in Fig. 37, where it will be 
seen that the oil, after admission through a 
suction disc valve of special design, passes 



Fig. oonoantrit valv« enitoe. 
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:|lg- 36.~Tbe Seal engine. 

through a simple vaporiser to the chamber, 
where it awaits the 0[>ening of the automatic 
inlet valve. Once the oil feed is set by the 
regulator it requires no more attention, for the 
governing is performed on the exhaust by a 



Fig, 87.— Seal vaporiser. 

hit-and-miss device. The latest pattern of valve 
gear partakes of the familiar camshaft gear of 
the ordinary motor, the peculiar starwheel of the 
earlier Seal engine having given way lo a pair 
of spur wheels, with a cam and lever for open- 
ing the exhaust valve. The governor, which is 
driven by a flexible wire belt, actuates a small 
centrifugal pawl in the large spur wheel, which 
throws the motion out of operation when the 
speed rises above a certain limit Until the 
speed drops again below that limit the exhaust 
valve does not open, and, thei'efore, no new 
charge can be drawn into the cylinder. Ignition 
may be arranged either by a high-tension electric 
system, by automatic timed ignition, or by tube 
ignition. If petrol is used for starting the 
engine it is preferable to have the handy electric 
ignition, which obviates any delay for 'heating 
the tube. When, however, paraffin only is em- 
ployed, the hot tube may just as well be used. 
In either case, after the engine has been running 
about five minutes, the automatic timed ignition 
takes up the firing, this being worked by a 
bulb, which, screw^ into the combustion cham- 
ber, becomes incaiiidesoent and ignites the mix* 
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^ t«r^ at the correct moment determined by a 
mechanicaHy&^ntrolIed plunger, which admits 
live mixture intp the bulb. 'These useful little 
engines are made in three sizes, running at 
75or.p.m. : single-cylinder lih.p. and 3h.p., 
and double-cylinder 6h.p., the details oT all being 
the same. A commercial type is also manu- 
factured. 

Aa Example of Lainp Heating* 

In this pattern is to be found an instance of 
lamp-heated vaporisers, the exhaust gases play-f 
ing no part in the vaporisation system. In 
opposition to the usual practice of spraying the 
oil upon a hot plate, the Standard method is to 
spray the oil in contact with a current of super- 
heated air, the heat being supplied by a burner 
in the base of the vaporiser. Air pressure main- 
tains the feed of oil both to the vaporiser and to 
the burner contained within it, the quantity of 
oil admitted to form the working mixture being 
regulated ^ by an eccentric controlled by the 
governor. In the motors of zoh.p, and less 
automatic vapour inlet valves are used, these 
being on the same side as the exhaust. The 
explosive charge drawn into the cylinder from 
the vaporiser is rich, and the pro|>er mixture 
is obtained by dilution with pure air drawn in 
through an automatic inlet valve, In tlie zoh.p. 
model, illustrated in Fig, 38, one vaporiser feeas 
a pair of cylinders. Low-tension magneto fur- 
nishes the firing sparks, the tripping being 
controlled by the movement of the common 
operating shaft. On all sizes up to 2oh.p. 
splash lubrication serves the working parts, but 
in the larger models this is supplemented by a 
positive pressure feed, a rotary pump drawing 
oil from a crankcase sump and distributing S 
under pressure to the main bearings, whence it 
flows through the hollow crankshaft and con- 
necting rod to the crank and gudgeon pins, and 
from the latter to the cylinder walls. For ease 
in starting, relief-compression cams are fitted tO 
the exhaust valve gear, a single lever forward 
sufficing to bring them into play. The governor 
is of the inertia or pendulum type, which is dot 
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quite so sensitive as the centrifugal pattern, but 
it is simpler and more robust. Models of sh.p., 
loh.p., ish.p., and 2oh.p., developing their 
fx>wer at 800 revolutions per minute, are built up 
with one, two, three, and four cylinders respec- 
tively of the same bore. 

Th0 Tboraycroft Vaporiser, 

All the engines made by this firm are designed 
to run on either petrol or paraffin. For the con- 
sumption of the heavier fuel, a vaporiser of 
simple pattern replaces the float-feed carburetter, 
which is fitted when only petrol is to be 
used, but the vaporiser is so constructed that 
light spirit can satisfactorily be employed instead 
of paraffin whenever desired. The alterations 
made in the engines to suit them for the heavier 
fuel reduce the power about 15 per cent., as 
compared with the petrol models, nor will the 


through the base of the vaporiser, but the 
amount of hot gases admitted into the jacket 
is regulated by a valve controlled by a lever 
working on a quadrant on the exterior of the 
box. The heat can thus be regulated to suit the 
fuel, practically none being required for petrol, 
llie auxiliary air inlet is interconnected with 
the throttle. A small door on the starbojird 
side of the vaporiser permits a lamp to be used 
for warming up to start, if no petrol is available. 

A Simple Coaversion, 

After long trials, the manufacturers have now 
perfected the vaporising arrangement by means 
of which the Wear petrol engines, described in 
Class II., are adapted for the heavier oil. The 
vaporiser consists of a simple exhaust-heated 
mixing chamber, provided with^ an extra air 
inlet. Only one vaporiser is employed for any 



ris. S9,«-The Woodnatt engine. 


full power of the latter be equalled even if the 
paraffin engines be run on petrol. For illustrat- 
ing the Thornycroft motors in Class II., views 
have been employed which show the vaporiser 
fitted, because not only is it adapted to both 
fuels, but its employment entails no alteration 
in the accessory details o.f the engine. The best 
idea of the shape and construction of the 
vaporiser can be obtained from Fig. 23. It con- 
sists of an exhaust-heated box in which the 
paraffin and air are swirled intimately together. 
A float chamber feeds the fuel to a plain jet in 
the mixture inlet pipe. Just above the float 
chambel* appears the main air inlet, through 
which the air is sucked to pass over the jet and 
carry paraffin away into the vaporiser, where a 
rich, vaporous mixture forms. After its treat- 
ment therein, it rises into a spherical chamber, 
where it is diluted by air from an auxiliary 
inlet just above, and is carried away to the 
cylinders. The mam exhaust pipe passes 


of the engines in the three smaller series. Con- 
siderable alterations are made in the valve 
setting and combustion chamber, the ordinary 
petrol design being umsuited for burning 
paraffin. 

An Elaborate Design, 

Although a general impression of complica- 
tion may be conveyed by a study of the four- 
cylinder 25-3oh.p. engine illustrated in Fig. 39, 
there is in reality no ground for criticism on that 
score. It is to the unusual appearance of the 
valve-system covers and of the combined induc- 
tion and exhaust box that the false impression 
is due. In the centre of the picture there is a 
Westmacott paraffin carburetter, heated by the 
exhaust gases brought to it through the short 
upper pipe on the left, and delivering its mixture 
directly into the induction passages that extend 
the full length of the engine. The longer pipe 
connected to the body of carburetter conducts 
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the exhaust back to the main pipe, which 
is water-jacketed as it passes down beneath the 
floor just behind the control board. Apart from 
this piping and from the corrugated covers fitted 
over the valve springs, tappets and guides, there 
is naught about the motor that would not appear 
quite commonplace at the first glance, albeit in 
the construction and design there are unusual 
features of a high degree of excellence. Thus 
the low-tension magneto ignition and half-com- 
pression device is so interconnected that when, 
in starting up, the compression is relieved, the 
ignition is thereby automatically retarded, and 
again, the gudgeon-pin bearings can be adjusted 
by long bolts at the side of the connecting rods 
and fitted to be accessible through the hand- 
holes of the crankcase. The cylinders are cast 
separately witl^all valves on one side, and have 
ingenious removable heads, that open up the 
full bore of the cylinders and permit the pistons 
to be drawn through. All joints are machined, 
no packing being required anywhere. In the 
design of the crankcase generous provision has 
been made for accessibility, there being a large 
inspection cover to each crank-throw on the star- 
iKinrd side, and two long panels extending the 
whole length on the port side. There is a bear- 
ing between each crank-throw. The long bolts 


105 

that extend half the length of the connecting 
rod and permit the gudgeon pin to be adjusted 
through the inspection doors are unique. Be- 
tween the valve tappets and the cams there arc 
fingers, which carry rollers on their underside. 
This system overcomes all side thrust on the 
valve tappets, .'\nother unusual feature is the 
fitment of centrifugal lubricators to the balanced 
crankshaft. These, which lubricate the crank 
pins, are fed from oil boxes fitted to the port side 
of the c>lirulers, from which also tubes are led 
to the main ^ crankshaft bearings. Separate 
sight-feed lubricators -supply the oil to the cylin- 
der walls. Instead of the more usual centrifugal 
or rotary pump, a plunger pump is fitted for the 
water circulation, and is driven off an extension 
off the camshaft. Control is effected by the 
thiottle of the carburetter, which is connected 
both to a hand lever on the control board and to 
a centrifugal governor on the forward end of 
the crankshaft. Two most commendable fea- 
tures remain to be mentioned : one, the provision 
of the chain starting gear behind the control 
Ixiard, and the other the placing of the magneto 
in the same position. As the power of these 
engines increases, so is the speed reduced, the 
range being from 550 revolutions per minute 
to 700 revolutions per minute. 


Class V. 


Tb€ following paraffin medlunt-speed engines (single and multi- cylinder), 
of both two-stroke and four-stroke cycles, are dealt with : — 


Brit. 

Gardner. 

Macdonald. 

Marmot. 

Mitcham. 


Pa I sons. 
Pasley. 

Seal. 

Thorn veroft. 
Wear.' 


Brit. 

In the West Country especially the 6h.p. Brit 
motor has been giving very good results for 
some lime, but it is also becoming known further 
afield. It has been specially designed for the 
heavier fuel with its own particular vaporiser. 
Running only at 600 revolutions per minute, it 
is specially suitable for heavy w^ork. Both 
valves are situated on the after-end of the 
cylinder, this position has been chosen for the 
vaporiser, through the jacket of which the whole 
volume of exhaust gas is discharged. Thus 
fitted, the vaporiser occupies no extra space 
l>eyond that required in anv case for the engine. 
The paraffin enters through a small port in the 
seating of the automatic air-inlet valve of the 
vaporiser, the correct quantity being adjusted by 
a needle valve'. Only a rich mixture is formed 
in the vaporiser chamber, and it is not until this 
has mixed with the cold air drawn directly 
Into the cylinder through another automatic air 


valve that the correct proportions of combustible 
gas are obtained. For starting up the engines 
a blow-lamp must be used, but thereafter the 
exhaust gases provide the necessary heat to the 
vaporiser. Low-tension magneto ignition is 
fitted, the ignition being arranged to spark in 
the inlet valve pocket, for it must be noted that 
although mention is made of two automatic air 
valves above, one in the vaporiser and one in the 
cylinder head, it is a mechanically-operated valve 
that adrnits the mixture from the vaporiser into 
the cylinder. Lubricating oil is supplied 
directly to the principal moving parts from a 
mechanical lubricator driven off the main shaft. 
The rotary water pump and mai[>neto are both 
driven off a lay shaft, the gearing for same, 
although^ covered, not being entirely enclo.se<l. 
Multi-cylinder engines up to 24h.p: are con- 
structed with the same si/e cylinders, a vaporiser 
being fitted to each cylinder just as in the case 
of the single-cylinder eiipgine. 
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Fi«- «.-A 2M11.P. Gardner engine Installed in the auxiliary motor yacht " Modwena.” one of the largest, possibly the largest, of her type in the worid. 
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A 200h,p^ Engine. 

A full description of the leading: features of 
Gardner engines is given in Class 1 V. It remains 
only to be mentioned here that a large range is 
provided of mexiels running- at a medium speed. 
There is a series of two, three, and four-cylinder 
engines, developing iih.p. per cylinder at 600 
revolutions per minute, and types of two, three, 
four, and six-cylinder sets giving i8h.p. and 
3'^h.p* respectively, the former at 500 revolutions 
i^r minute and the latter at 450 revolutions per 
minute. It is the biggest of the latter, a 2ooh.p. 
six-cylinder, that is illustrated in Fig. 40. This 
engine is installed in the auxiliary yacht 
“ Modwena.” 

A Sim pie Model. 

Being of sim]lle and robust construction, the 
Macdonald engines are specially suitable for 
rough, heavy work. The cylinders are cast 
separately, with the vaporisers forming integral 
portions of each. When the engine is cold, a 
blow-lamp must be used for warming up, but 
provision can he made for starting on petrol. 
The vaporiser consists of an exhaust jacketed 
mixing chamber, to which the paraffin is ad- 
mitted through a needle valve to mix with the 
air, and pass thence through an automatic valve 
into the combustion chamber. The paraffin feed 
is regulated by the governor fitted to the main 
shaft. For ignition the Lodge patent high- 
tension system is employed, this rendering the 
sparks absolutely sure, even if water fall on the 
circuit or the plugs become sooted. Splash lubri- 
cation serves the smaller models up to 8h.p., 
but the larger engines are fitted with a forced 
system. The water circulation is maintained by 
a rotary pump. Large inspection doors are 
fitted to'the crankcase, and beyond the balancing 
of the crankshaft there is no other detail to be 
mentioned, so simple is the design. The single- 
cylinder engines of 2h.p., 4h.p., and 6h.p. turn 
at 700 revolutions per minute ; the two-cylinder 
models of 8h.p., loh.p., izh.p., and ish.p. are 
designed to run at 6oor.p.ni,, except the latter, 
which is made for 5oor.p.m. ; and the larger 
thtee-cylinder types, varying from 2oh.p. to 
5oh.p., run severally at 5oor.p,m,, 40or.p.m., 
and 350 revolutions per minute. 

An AU-pttratfin Engine. 

Being among only the very few two*stroke en- 
gines on the British market designed to burn no- 
thing but paraffin fuel, the Marmot possesses a 
special interest. The vaporiser shown on top of the 
cylinder in Fig. 41 is heated in the first instance 
by a lamp of sp^ial design, in which the oil is 
burnt under air pressure after the method em- 
ployed in liquid fuel burners for boilers. The 
lamp itself requires no preliminary heating, the 
burner lighting instantly like a gas jet. When • 
the engine has been started, the burner is ex* 
tin^uished and the igniter bulb, or vaporiser, as 
it is commonly termed, although it does noc 


perform any vaporising function in this engine 
maintains its heat from the constant compressio* 
and successive explosions in the cylinder, it tj 
as the piston travels upwards and the inlet ant 
exhaust ports have been closed in succession thai 
the oil is sprayed into the cylinder by means oj 
a pump, where it is at once vaporised and com- 
pressed into the igniter chamber on the cylindei 
head, which is not water-cooled. The charg-c 
fires automatically just as the piston reaches the 
top of the stroke. The two-stroke cycle being 
(iiiiployed, there is a power-stroke on each reves 
lution. The crankcase acts as the air-compres- 
sion chamber, and though long bearings are 
fitted to obviate leakage as far as possible, 
should leakage occur, there is no loss of fuel. 
Inspection doors are fitted on each side. Except 
in the single-cylinder models, where spur gearing 
is used fc'/ the purpose, the oil-feed pumps are 
driven through a chain, each plunger being 
operated by a cam. Each cylinder has its own 
pump, which delivers into the combustion 
s|Xice just below the igniter bulb. A centrifugal 
governor regulates the quantity ot each charge 
of fuel according to the load. Although in the 
smaller sizes the cylinder head is not cooled, a 
jacket is fitted to the cover in the larger sizes. 
A plunger pump maintains the water circulation, 
and when water is discharged into the exhaust 
pipe the pump is made double-acting to draw off 
any surplus water from the exhaust box or 
silencer. A branch from the water-circulation 
system is taken to a nozzle in the C5dinder wall, 
which, being uncovered at the same time as the 
exhaust port, sprays a little* water into the cylin- 
der to deaden the sound of the exhaust and 
facilitate the scavenging of the waste gases. 
Lubrication of the main l^earings is carried out 
by spring grease cups, but sight- feed oil-drip 
cups are provided for the cylinder and crank pin, 
the latter having a ring lubricator. The range 



Fig. 41 .—The Kannot motor. 
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Fig. 42.— Tbe Mitcham engine. 


of models is from sh.p. to 3oh.p. in one, two, or 
three-cylinder units, all running at the moderate 
* speed of 500 revolutions per minute. Engines 
of more than i5h.p. are fitted with a compressed 
air starting arrangement, by means of which 
air is admitted to the top of the pistons. A 
holIow-[x>rted elongation of the compressor 
piston regulates the admission of air, the timing 
being obtained by the adjustment of the e^xen- 
tric, which drives the compressor directly off 
the crankshaft. The ccimpressor charges an air 
tank, from which air is drawn for working the 
heating burners as well as for starting up the 
engine, A hand air pump is supplied for charg- 
ing the air reservoir, should the latter become 
exhausted. It will be noticed from the illustra- 
tion that a bracket is provided for the heating 
lamp, the burner of which blazes directly on the 
cover of the igniter bulb, and that a lid is fitted 
to cover the burner orifice when the lamp is 
extinguished. As an example of a simple, com- 
mercial engine, the Marmot is particularly good, 
and beyond the Border it is making a good name 
fur itself. 


the heated surface, it is vaporised. Pure 
air only is drawm into the crank chamber 
and compressed there. When the inlet port is 
opened, the air under compression is^ forced 
round the jacket, where it mixes with the 
paraffin vapour and passes thence into the com- 
bustion chamber. Low-tension electric ignition 
is employed. If desired, the engine can be 
started by heating up the exhaust-jacket chaitiber 
for 10 or 15 minutes, and then cranking up in 
the usual manner. 

A Large Motor, 

A three-cylinder 75h.p. and a four-cylinder 
looh.p. model are now made by the Parsons 
firm, with their patent valve combination as de.- 
scribed in Class IV. Both these large t>pes 
develop their rated power at ^50 revolutions per 
minute. Owing to the convemc.ice of being able 
to start on petrol and to change over to paraffin 
after a short period, this type of engine is par- 
ticularly suited for installation as auxiliary 
power. 

A Low^ speed Engine, 

Although the firm has been making marine 
motors for 10 years past, the trade having been 
chiefly abroad, the Pasley engines are not so 
well known in the United Kingdom as would be 
expected. They are of simple design, but pos. 
sess several features that deserve mention. The 
cylinders are fitted with liners, and, therefore, 
of course, have detachabhi heads. They arc 
lx)lted to a stout crankcase, fitted with large in- 
spection doors on both sides, through which both 
ends of the connecting rod can be adjusted, the 
l>oIts being designed for the purpose. For start- 
ing, the ignition is effected by a hot tube, heated 
externally by a protected blow-lamp, but after 
the engine has run for a few minutes the flame 
may be extinguished, the internal igniter coming 
into operation and functioning automatically. 


The Mitcham Engine, 

By a special disposition for the 
vaix)risation of the heavy fuel and a 
slightly different cylinder, all the 
Mitcham two-stroke motors referred to 
in Class III. can be adapted to burn 
paraffin fuel. Further, a sfx^cial series 
of two, three, and four-cylinder engines 
of 3oh.p., 45h.p , and (^h.p., all run- 
ning at 400 revolutions per minute, has 
been designed for commercial work. 
In the accompanying illustration 
(Fig. 42) the general lines of the type 
can be seen. Petrol is used for start- 
ing, and until the engine is warmed 
up, the details of the formation of the 
mixture being exactly as described for 
the petrol engines of this make in 
Class III. For the vaporisation of the 
heavy oil, a special jacket is placed 
roiind the exhaust jacket, and into the 
charnber so formed a measured quantity 
of oil is dropped, where, falling on 



Fiff. 43.— A Parsons lMn.p. engine, Sin. bore by 12ln. stroke. 
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Fig 44.— The Seal heavy type. 

The vaporiser is a simple exhaust-heated cham- 
ber, to which oil is fed by a spray. Initially, this 
must be heated by a Dlow-Iamp. The speed is 
regulated by the throttle, which is under hand 
control and can be regulated also by a governor 
if desired. The valves, being side by side in the 
cylinder head, are actuated by long push-rods 
and rockers, the camshaft being contained in a 
case alongside the crank chamber, the gearing 
being completely enclosed. Splash lubrication 
is used for the main bearings and connecting 
rod ends in the smaller engines, with sight-feed 
drip to the pistons, but in the larger models the 
oil is fed directly on the bearings by adjustable 
drips. One, two, and four-cylinder engines are 
built from cylinders of different sizes, developing 
respectively 7|h.p. at 600 revolutions per minute, 
lojh.p. at 550 revolutions per minute, i5h.p. and 
i8h.p. at 500 revolutions per minute, and 2^‘Jh.p. 
at 425 revolutions per minute, the four-cylinder 
looh.p. engine built from the latter cylinders 
being supplied with an auxiliary engine for 
starting. 

A New Heavy Type. 

A sound type of commercial engine has recently 
been introduced by the Seal Company. It is 
designed and built on the same lines as the Seal 
motors described in Class IV., but the valve 
mechanism is different (see Fig. 44), and its 
engine speed is only 450 revolutions per minute. 
Two sizes are made : a 7h.p. single-cylinder and 
a i5h.p. double-cylinder, both with a bore of 
7iin. and a stroke of 6in. The former weighs 
5cwt. and the latter 8cwt. The type is intended 
purely for commercial work, and so differs in 
detail from the other Seal model. 

A 300b.p. Submariae Engine. 

Up to the present only one larger marine 
motor has been constructed in this country than 
eight-cylinder Thornycroft engine, develop- 
ing with paraffin fuel 30oh.p. at 600 revolutions 
per minute. This type is in use in Italian sub- 


marines. A general idea of the design can b45 
grasped from die port view in Fig. 45. It can 
be seen that the engine is really built up from 
two four-cylinder units, each of which is com- 
plete in itself and can be run separately if de- 
sired, although, the coupling between them 
being fixed, one unit must run idle if the other 
alone is working. The principal reason for this 
method of construction is, however, to be found 
in the advantages it offers for reversing. Ac- 
cessibility being of paramount impoi'tance for 
submarine work, the crankcase doors have been 
made large enough to enable the piston and con- 
necting rods to be withdrawn without disturb- 
ing the cylinders. The inlet and exhaust valves 
are all arranged in the cylinder head, being 
driven by a single camshaft in a case running 
alongside. All the piping is brought to one 
side, the induction system being taken over the 
heads and the exhaust straight out through the 
side. Short rocking levers transmit the motion 
from the cams to the valve-stems. Although, 
as usual in overhead valve systems, the inlet 
valves are fitted in cages, the exhaust valves are 
not so treated because of the difficulty that would 
occur in properly cooling the seats. They are 
therefore placed in position from inside the com- 
bustion space, access being obtained through the 
inlet valve passage after removal of the valve 
cage, the latter being a simple operation owing 
to the bayonet-joint fitting. The exhaust valves 
thus rest on properly-cooled seats in the combus- 
tion head, and are not liable to overheating. 
Each pair of rocking levers is secured by three 
nuts, any work to be done on the valves of a 
particular cylinder therefore being possible 
without disturbance of the valve gear of the 
other cylinders. Each four-cylinder unit has its 
own camshaft drive, the vertical shaft by which 
this is transmitted being skew-geared from the 
crankshaft and bevel-geared at the top. Both 
shafts are situated at the after end of the re- 
spective units, with the gearing entirely en- 
closed. For the engine reversing, in wh'ch case 
the direction of rotation of the camshaft must 
be changcxl, an exceedingly simple contrivance 
has been adopted. In the bevel case at the top 
of each vertical shaft the driving pinion meshes 
constantly w'ith two opposed bevel wheels on the 
camshaft, either of which is engaged by a small 
dog clutch. In reversing, the controlling lever 
is thrown over just before the engine comes to 
rest, a spring-loaded coupling being inserted in 
the reversing rod for this purpose, because the 
teeth of the dutch thus engage more easily. 
Compressed air is employed for starting the 
engine astern after it has come to rest, and, of 
course, because the half-time bevel-gearing has 
also been reversed the camshaft will run in the 
same direction as when the engine is driving 
ahead. The cams are therefore only single- 
faced. For the compressed air starting separate 
valves are fitted under the camshaft casing oh 
the port side. These valves are operated by’ 
rockers off the camshaft, byt in order that they 


tic 


THE MOTOR BOAT MANUAL. 


.may be thrown out of action when the engine is 
working the valve tappets are constructed in 
such a manner that they can be rendered in- 
operative in an instant. For this purpose they 
are fitted each with a pinion, engaging with a 
rack extending the full length of the engine. 
By a short movement of the rack, the pinions, in 
turning, adjust the tappets either to work the 
valves or to remain idle. Parts of this gear, 
with the compressed-air supply pipe, can be seen 
in Fig. 45. A simple form of vaporiser is at- 
tached to each four-cylinder unit. It lies trans- 
versely across the after end of each engine, and 
is jacketed by the exhaust. Paraffin is sprayed 
into it from a large jet to meet the small quan- 
tity of incoming air admitted to the vaporiser 


vaporiser jacket. Low-tension magneto ignlHoa 
is fitted, the igniters being inserted in the cylin- 
der walls next the starting valves. They are 
ingeniously made, the striker being tripped by a 
rotating finger mounted on the spindle of a 
skew-geared pinion, with its axis at right angles 
to that of the camshaft in the vertical plane. To 
vary the timing it is only necessary to slide the 
driving pinion along the camshaft, for the skew- 
teeth must advance or lag in relation to each 
other as the driving contact is shifted. The mag- 
netos are bolted to brackets on the end cylin- 
ders, where they can be driven by short skew- 
geared spindles off the camshaft. Special means 
tor localising a faulty igniter are fitted, this 
being rather an unusual device for low-tension 



Fig. 45.— A SOOh.p. Thomycroft submarine engine. 


chamber. Mixing intimately during their path 
through the heated chamber, they form a mix- 
ture that is diluted by a regulated quantity of 
air before the throttle is reached and then passes 
through a nicely-balanced .system of piping into 
the cylinders. A valve controls the flow of ex- 
haust gases round the vaporiser in order that 
the heat may be regulated for different qualities 
of fuel. Water-drips are arranged over each 
inlet valve to admit water with the mixture into 
the cylinder for the purpose of deadening the 
thump of the explosion. The exhaust system is 
entirely water-coole<J with the exception of the 


systems. Forced lubrication is of course 
adopted for the moving parts in the crank 
chamber, the oil being fed under pressure to the 
main bearings by separate pipes, then through 
the hollow crankshaft to the crank pins and up 
through the connecting rods to the gudgeon 
pins. The pressure can be regulated, and a 
gauge is fitted to indicate it. The camshaft 
and valve rocking levers are lubricated^ by 
sight-feed drips. For the purpose of being "able 
to rapidly cool the engine after it has ceased 
running, the water-pumps are independently 
driven by electricity. The path of the water is 


THE MOTOR BOAT MANUAL. 


unique* lying first through the false bottom of 
the crankcase, in order to cool the oil, then up 
the hollow webs that support the main bearings, 
which are thus guarded from overheating, and 
by means' of a pipe from each web to the cylin- 
ders, after passing round which it is discharged 
through the jackets of the exhaust system. An 
electric fan sucks the hot, exhaust-tainted air 
from the crankcase and drives it out through a 
ventilating shaft. Pure air is admitted to re- 
place it through gauze-protected holes in the 
crankcase doors. With reference to the adop- 
tion of the coupled four-cylinder units, it should 
be explained that the reversing system requires 
the cranks to be spaced 180*^ apart, which is 
exactly as they occur in four-cylinder engines. 
In a good many types of eight-cylinder engines 
the cranks arc set at qo^, which is unsuitable for 
the simple revising arrangements adopted in 
this engine, ivforeovcr, the four-cylinder units 
being coupled at qo^, are equally well-maintained 
torque is provided. Between the two crank 
chambers of each engine a stoutly-flanged cast- 
ing is bolted for rigidity, and not only are the 
cylinders also rigidly coupled by a longitudinal 
stay on each side, but the camshaft case is also 
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supported by rods from each cylinder, all of 
which makes for extreme rigidity. All the con- ' 
trol levers are mounted at the rear end of the 
engine. They are four in number, and operate 
the interconnected throttles, interconnected 
ignition timing, interconnected reversing rods, 
and the compressed-air starting valves. The 
control gear of the exhaust gases round the 
vaporiser jacket is mounted separately lower 
down, but the extra-air admission valves are 
adjusted by levers on their respective engines. 
The consumption of paraffin is just over .7 pint 
per horse-power hour ; of lubricating oil about 
.03 pint per horse-pow’er hour; and of injected 
water about .11 pint per horse-power hour. In 
Class II. further reference is made to this 
engine. 

Wear. 

In the scries of heavy-duty engines, develop- 
ing i6h.p. per cylinder at 400 revs, per minute, 
the Wear vaporiser, described in Class IV., is 
fitted to each pair of cylinders, and the valves 
in this type being on op;)Osite sides, the exhaust 
pij>es are brought through l>etween each pair of 
cylinders directly to the vaporisers before join- 
ing the main exhaust pipe. 
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Section 11. — Commercial Motors. 


Although in the strict sense of the word any 
motor might 1^ termed “ commercial ” when 
it is employed in a boat or vessel used for busi- 
ness purposes it has become arbitrarily recog- 
nised that the term should be appropriated to 
a class of heavy, slow-running, paraffin engines 
which are particular!}^ suited for commercial 
craft. Even within these limitations it is not 
possible to designate a particular type, for the 
eight-cylinder 30oh.p. Thornycroft engine can bo 
quite as usefully applied to business interests in 
its own sphere as the 4h.p. Dan, and the entire 
range of Gardner motors give practical advan- 
tages that in most instances permit them to be 
no more separated from the commercial cate- 
gory than the Kromhout or the Van Rennes. 

Under the circumstances, it has been deemed 
best for the general utility of this treatise on en- 
gines to classify the paraffin commercial engines 
even more strictly than is generally considered 
necessary. In one category can be placed the 
Dan, Kromhout, Van Rennes and Thornycroft 
suction-gas engines, etc., and in the other will 
fall such motois as the Gardner and Thorny- 
croft paraffin engines of large size and power 
and running at a moderate speed, which can 
be deemed neither high nor low. So many dif- 
ferent requirements can arise that it is not easy 
to define the useful spheres of each, nor can a 
hard-and-fast line be drawn as a boundary be- 
tween the rational uses of the two. 

In a broad and general sense the heavy, slow- 
running, commercial engine may be considered 
as the correct type for all boats and vessels 
which possess a very small ratio of powder to dis- 
placement. Barges such as one finds on the. 
Dutch canals, heavier types of fishing vessels 
such as Norw'ay and Denmark can boast of, 
coasters and traders such as exist in every quar- 
ter of the globe — these are the craft for which 
the heavy, slow-running engine can be deemed 
especially suitable. For with their slow speed, 
their low power, and their big displacement a 
large propeller is a necessity if efficient result.s 
are to be obtained. A smaller propeller running 
at a higher number of revolutions cannot work 
at the same efficiency. Amongst naval archi- 
tects no doubt whatever exists on this score, for 
if practice had not proved it to be right, it could 
easily be deduced by theory. 

The moderate-speed, big, paraffin engines can 
be employed for the same purposes, but they can 
neither give the same speed for the same power 
nor at the same price. Their sphere lies pro- 


perly in faster and smaller-bodied vessels, where 
the water can easily get to the smaller propel- 
lers, and which permit an efficient pitch angle 
on the screw'. The Gardner engines have 
shown themselves remarkably suited to fast-ser- 
vice boats, and the Thornycroft paraffin motors 
have demonstrated their utility in the same 
direction. The extremely heav>', slow-running 
engines could not be so serviceably employed 
under the same circumstances. Thus the ex- 
treme spheres of usclulncss of the tw'o types can 
be readily delineated, but it is not possible to 
define the boundary between them, nor ev^ai 
how far, in justice to themselves, they may be 
nllow'ed to overlap. This must remain a mat- 
ter for individual choice in each case, depend- 
ing upon a vaaiety of circumstances. That the 
distinction however, be drawn is not to be 
overlooked. It is, in fact, important, because 
so long as the generic term “ commercial en- 
gines ” is employed without regard to weight 
and engine speed, so long will it be possible 
for the enterprising spirits to whom we must 
look for the advancement of the cause in this 
country to be led to disappointment by a mis- 
understanding of the actual influence of the 
reigning conditions upon the efficiency of the 
installation and upon the success of their under- 
taking from the economic point of view. 

In many instances the commercial engine is 
destined to be entrusted to the care of one who 
possesses not even an elementary knowledge of 
mechanics. For this reason it has always been 
urged that simplicity in design and construc- 
tion is one of the greatest virtues that an engine 
of this type can possess. To insist too much 
upon this attribute is, however, to rule electric 
ignition, amongst other things, out of court. 
Unless one can open one’s eyes to a broad vision 
of the commercial marine motor world, not 
alone as it is to-day, but as it has been for a 
decade past in foreign countries, one would be 
apt to judge that electric ignition certainly is 
a detail that should be missing from the com- 
mercial engine. Let it not, however, be over- 
looked that in Holland, where barge owmers, 
almost to a man, have adopted oil-engine power, 
automatic ignition is by no means alone in 
favour. Neither in the Kromhout, nor in the Van 
Rennes, nor in the Deutz, w'hich sliares with the 
two former a majority of patronage of the Dutch 
and German barge owners (many a Rhenish 
barge Is WTongly accounted Dutch, when it is 
really German), is the automatic hot-pot 
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vaporijer to be found* It therefore behoves one 
to be circumspect in discussing: the relative 
merits of the two systems, for surely if the 
Dutch prefer , electric ignition and the Danish 
and Norwegian incline to the automatic, there 
can be little to choose between the two. And 
ns it is with this detail, so is it with others. 
Simplicity, if hunted to death, loses its virtue 
and becomes a vice. In the types treated in the 
following pages it will be found that the desir- 
able attributes of the commercial engine are to 



to be discovered in varying degrees, but all are 
simple, all are robust, all can run for long 
periods without skilled attention, all can be 
started easily, and there is not one that cannot 
boast of a splepdid record and reputation in its 
own country. Suction gas, it is true, has yet to 
make its mark, but it is beyond the experimen- 
tal stage. With these remarks the descriptions 
in the following pages will appear to readers Jn 
a different light to that which is due merely to 
the words. 


Class Y. 


Paraffin medium-speed engines of all types ~ Identical with Class V. la 
^ Section I. for Private Craft, 


Class Yl. 

The following paraffin slow-speed engines are dealt wltbx — 

Dan. Kromhout. 

Griffin. Pasley. 

Van Rennes. 


The Dan, 

In the Dan engine, which came to this coun- 
try more than three years ago with a great 
reputation from Denmark, every effort has been 
made to reduce the design to its simplest ex- 
pression. For nearly ten years it found- an 
ever-widening sphere of utility in its own coun- 
try before Capt. Gumming, R.N., selected it as 
the most suitable type for demonstration pur- 
poses in the .Scottish Government’s auxiliary 
fishing boat “ Pioneer,” and since a well-known 
firm of naval architects has obtained control of 
the British selling rights it has met with con- 
siderable success in home waters. In fact, so 
suitable has it proved for unskilled handling 
in various types of vessels throughout thfe world, 
and so well has it been received in this country, 
that arrangements have now been completed for 
its construction by a well-known firm of engi- 
neers on the East Coast. Not a bolt nor a nut 
has been altered in the British type, which is an 
exact replica of the current model built in Den- 
mark. It was, indeed, felt that experience has 
.shown the design to be perfectly suited to its 
work, and that no practical improvement could 
be made. But for the fact that the general de- 
mand is for a British engine, there would have 
been no inducement to the concession nai res to 
have it made in this country, for the Danish 
factory long ago demonstrated the excellenx 


quality of its material and workmanship, with- 
out which in truth no commercial engine cx>u)d 
be a success. 

It is, of course, in the vaporising system that 
the secret of economy and reliability is to be 
found. The cylinders have water-cooled bodies, 
but unjacketed heads, for the vaporiser, which 
must be maintained at a good red heat, is at- 
tached to the head. Its shape is like that of a 
glass jampot, but with a somewhat narrower 
and longer neck, inverted on the cylinder cover. 
Into the wall of the vaporiser passes the fuel 
inlet pipe, which is water-cooled at this spot. 
The paraffin is pumped up a tube to the inlet 
pipe, the delivery being made at the top of the 
exhaust stroke, and, owing to the water cool- 
ing on the inlet, the paraffin always passes into 
the bottle vaporiser at an even temperature. 
Being, moreover, sprayed through a nozzle (see 
Fig. 46), and entering at a time when the re- 
mains of the last burnt charge are in a state 
of commotion, the paraffin is immediately 
vaporised, there being no cracking of the oil. 
In some oil engines the charge is injected during 
the compression stroke, in others during the 
suction stroke, but the Dan system has shown 
itself to provide as much power and economy 
as any other methods. For starting up at any 
time recourse must be had to a Swedish lamp, 
in order to give the vaporiser its initial heat, 

H 
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1^4 when this g'lows red the eng’fne will start 
away easily. The lami) may then be with- 
drawn, forx>n each explosion there is an acces- 
sion of heat to the vaporiser, which ensures its 
maintenance at an even temperature. 

Just forward of the clutch is a centrifugal 
governor, mounted on a worm-driven shaft run- 
ning at half the speed of the engine. Off the 
same shaft are driven the plunger paraffin 
pumps, one to each cylinder. The governor, by 
altering the length of the stroke of the plunger? 
as the load on the engine alters, and the speed 
rises or falls, effectively varies the strength of 
the fuel charge and automatically controls the 
engine. A hand adjustment is provided for set- 
ting the governor to work at any desired speed. 
In this manner one obtains the simplest possible 
control. There is no mechanical ignition appa- 
ratus, and, with the exception of the lubrica- 
tion, there is no detail other than the adjustment 
df the governor to which any attention need be 
paid. On each cycle, of course, the charge is 
ignited by the heat of the vaporiser when the 
mixture of air and paraffin vapour has reached 
a proper compression. And it is by the constant 
recurrence of the explosions that this automatic 
ignition is rendered so thorough. Hence the 
reason for governing by the variation of the 
fuel charge instead of by the “ hit-and-miss ” 
system, so often adopted for heavy oil engines. 

In the smaller sizes the automatic air-inlet 
valve is situated right over the exhaust valve 
in a water-cooled chest on the cylinder; in the 
larger sizes the inlet valve is mechanically 
operated by the side of the exhaust valves. The 
water cooling of the valves is very thorough, 



Fig. 46. -Th« Dan fbel feed. 


anil the half-speed shaft is provided with double 
cams for relieving the compression when start- 
ing up. A water-circLiIating pump and a bilge 
pump are also driven by this shaft. After pass- 
ing round the cylinders and valves— with a 
branch to the fuel inlet on each vaporiser — the 
circulating water is led to the exhaust ports that 
form a standard detail of all Dan engines. 

Lubrication is effected by a separate feed to 
each bearing. On the port side of the engine 
one or more oil boxes, situated at a convenient 
height, ensure the regular distribution of the 
oil by a number of wicks, one to each pipe. 



Kg. 47.-~A four-cylinder Mh.p. Dan motor. 
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Fig. 48.—Cylinder arrangement of the Griffin motor. 

At any time the supply can be easily and quickly 
replenished. Of the other details of the Dan 
design it need only be mentioned that durability, 
simplicity and accessibility have been carefully 
studied throughout. Lack of .space prevents a 
more complete description, but notice must be 
given to the hoods that protect the vaporisers 
from external variations in cooling. These en- 
gines are made in singlc-cvlinders from 3h.p. 
to loh.p., in two-cylinders from i2h.p. t0 3oh.p., 
.and with four cylinders of 6oh.p., the latter 
being represented in Fig. 47. 

An Unusual Type, 

Presenting many features of extraordinary 
divergence from general practice, and because 
it has constantly proved capable of running on 
any oil fuel of less than 250^ F. flash point, the 
Griffin engine might almost be reckoned in a 
class by itself. It would seem necessary to em- 
phasise that it works on the four-cycle principle, 
for its unusual construction might lead to the 
impression that it works on a circle as distinc- 
tive aS that of the Diesel. One of its most 
important characteristics is the combination of 
cylinders side by side, which saves both space 
and weight by the reduction of mechanism. Two 
illustrations of the type are given in Figs. 48 
and 49, the first representing the duplex design 
adopted for all powers between 2oh.p. and 
4oh.p., the second being the quadruplex pattern 
lor powers between 8oh.p. and i5oh.p. Smaller, 
larger, and intermediate sizes are built, but the 
illustrations represent only the models specified. 
In Fig. 48 the arrangement of the two vertical 
cylinders can be clearly noted. At their outer 
ends the pistons are connected to a rigid, 
crucible-sted crosshead, which, by means of a 


single connecting rod, actuates a single crank, 
which thus obtains an impulse on every revolu* 
tion. The vaporiser and valve gear is fitted 
to the rear end of the cylinders, the camshSilt 
being transversely placed. No crankcase is enV/ 
ployed, the cylinders being held by four stpixt, 
columns. Splash panels are easily attached, 
but the oil being led to each bearing by a sepa- 
rate drip-fed pipKi, there is little oil cast about* , 
The method of forming the working charge is 
novel. Into the centre of the vaporiser (see 
I'ig* 50) oil is injected in a finely-pulverised 
state by means of an air jet working at a pres- 
sure of about 1 61b. per square inch. The sur- 
rounding chamber is the heating jacket through 
which the exhaust gases pass, and the outer 
passage, which is open to the atmosphere, heats 
the inpassing air on its way to the central 
vaporising chamber, where it mixes with the 
vaporised oil to form the explosive mixture. The 
process that occurs in the vaporiser amounts 
really to fractional distillation. If refined oil 
be used, the whole of the constituents will 
be vaporised, whilst, if crude oil be employed, the 
heavy asphaltum base is rejected by the lighter 
constituents which are vaporised, and, being 
throw^n dow'n in the vaporiser, is automatically 
discharged, flowing off continuously in the form 
of liquid tar. Nothing ever remains in the 
chamber except a little incombustible ash, w'hich 
can be removed by means of a wire brush every 
two or three days. The temperature of the 
vaporiser being regulated and controlled, there 
is always sufficient heat, even at the lightest 
loads, to vaporise the heaviest oils, whilst, on 
the other hand, it is never sufficient to crack or 
gasify the oil, the change being purely physical 
and not chemical. There is an entire absence 



, fig. l«.-*’Quadraplex” Griffin motor. 
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iPig. 50.— The GrifBn vaponser. 


of tar in the valve chambers and cylinders, the 
vaporiser rejectinj^ it entirely. During the pro- 
cess of vaporisation it is only Ihe oils with a 
flash point of not more than about 200^ F. which 
are taken into the cylinder in the form of re- 
fined vapour, and if, as it leaves the vaporiser, 
it is passed through a still, it will condense into 
pure petroleum, the exact quantitv vaporised 
being thus recovered, although it will not cor- 
respond to the weight of crude oil used, because 
of the tar thrown down in the vaporiser amount- 
ing to about 10 per cent, of the whole. The 
heavy, tarry deposit has a full commercial value, 
and may be employed for all purposes to which 
ordinary coal tar is applied. The combustion 
is so thorough that, even at the lightest loads 
and using crude oil, the exhaust is practically 
clean. In all the engines of more than 2oh.p. 
an arrangement of steam generator and su{)er- 
heater, combined wilh the vaporiser, is em- 
ployed, in connection with an automatic steam 
valve operated by the governor, to furnish a 
suitable proportion of super-heated steam to the 
cylinder in intimate mixture with the heavy 
carbon charge. The heavy, detonating shock so 
often evident in the working of large oil engines 
is thereby entirely eliminated, ow ing to the re- 
duced rate of combustion. Further, the decom- 
position and utilisation of the constituent gases, 
oxygen and hydrogen, increase the thermal effi- 
ciency of the engine. In Fig. 50 this super- 
heater may be discerned under the vaporiser. It 
consists merely of water and steam tubes sub- 
jected to the 400 F. temperature of the exhaust 
gases. Automatic tul>e ignition is fitted to these 
engines ordinarily. It consists of incandescent 
tubes, heated by jet spray burners, which can 
be regulated to maintain the tubes at their pro- 
per cherry-red heat. Low-tension electric igni- 
tion can be fitted, either as an auxiliary or as 
the sole system. There is a choice of two 
machines, both manufactured at the Griffin fac- 
tory. One is of the oscillating type, which, by 
means of an entirely novel system of differential 
levers actuated by a specially-coiled momentum- 
absorption spring, can be run up to give 600 
spad^is per minute with absolute reliability. 
Combined with it is a current distributor that 
permits a variation of in the timing. The 


other type of magneto belongs to the 
rotary class, but it is unique in being 
designed to have a gre^tly-accele- 
rated angular velocity at the periods 
of sparking. Whilst running at the 
average speed of the motor it obtains 
its acceleration at the proper moment 
by means of the train of oval wheels 
through which it is driven. The^ 
teeth of these wheels are prime to 
each other. The major and minor 
axes are, for practical purjxises, in 
the ratio of about two to one, and 
arranged either in simple or com- 
pound proportion, as may be re- 
quired, the major and minor axes 
of driver and driven being always in conjunc- 
tion the one with the other. The acceleration 
of the angular velocity of the rnigneto arma- 
ture at the moment of sparking can be in 
the ratio of two to one beyond that of the 
motor shaft, by which it is driven through 
a simple train ; it may be made eight to one 
by a compound train, or even 16 to 1 if re- 
quired, with a reduction of eight to one for nor- 
mal running after the engine is started. This 
type of magneto with its distributor is, of course, 
a great convenience for starting, when the en- 
gine is unsuitable for working with a machine 
of the oscillating pattern. An electro-magnetic 
plug is supplied instead of the more compli- 
cated tripping-gear arrangement, the move- 
ment of the igniter being controlled and 
operated by a suitable electro magnet in circuit 
w'ith the armature of the magneto. After being 
started up, neither the oil feed, nor the air 
supply, nor the ignition require regulation. All 
conditions of load, from light running up to full 
power, being automatically controlled by the 
governor, which acts simultaneously on the oil 
feed and on the vaporiser throttle, there is no 
hit-and-miss action w^hatever. For half speed or 
any other speed below the normal running at 
full, a hand lever or pedal is arranged to act on 
the governor. Starting i«:, of course, an arduous 
task in these big engines, if the usual method of 
cranking be employed. In the Griffin designs 
recourse has been taken to an auxiliary starting 
engine of about 6h.p. for all the models over 
4oh.p. In Fig. 49 the auxiliary motor can be 
observed on the forward pair of cylinders. It is 
fitted with its own vaporiser, and, w^hen started, 
turns the big engine round by means of a triple 
contact friction drive of very large gear reduc- 
tion, acting on the flyw’hecl. In many instances 
this small engine w’ould prove handy for work- 
ing the deck wdneh. p'or the smaller engines up. 
to 4oh.p. a patent momentum starter is em- 
ployed. In this arrangement the flyw^heel is 
free on the shaft, and is easily and rapidly 
rotated by means of a handle attached to a 
chain wheel and chain that gears w^ith it. A 
friction clutch, actuated by a hand lever, i®f 
rigidly fixed to the crankshaft, and either 
gages or disengages the flywheel as desired. 
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To start the engine it is only necessary to rotate 
the flywheel rapidly by means of the handle, 
and while thus rotating, the friction clutch being 
engaged by means of the hand lever, the engine 
makes five or six rapid turns, and will then take 
up firing. There is little labour required to 
start up in^this manner. In Fig. 48 the momen- 
tum starting gear and one end of the vaporiser 
can be clearly seen on the left. It will be recog- 
nised from this description of the salient features 
ol the Griffin marine engine that, though it has 
not yet made much stir in the marine motor 
world, it possesses all the requirements and 
merits of a useful commercial engine. Lest it be 
thought that the design is experimental, it may 
be remarked that Palmer’s Shipbuilding Co. 
patronises it, that the manufacturers have had 
m.'iny years’ tjxperience of oil engines, and that 
during the past few years the type has been 
fitted to a goodly number of vessels. 

The Krombout Motor, 

By the fact alone that it requires no lamps, 
either for ignition or for the heating of^ the 
vaporiser, the Krombout stands almost in a 
class by itself. Means being provided for start- 
ing on petrol and running with the same fuel 
until the paraffin vaporiser is sufficiently warm, 
and electric ignition being fitted, there is no 
need at all for any naked flame in the engine- 
room when getting under way. And for this 
reason the Krombout is at the moment among 
the few engines that can comply with the regu- 
lations of the chief dock companies in the w'orld, 
and thus enter or leave dock freely when 
running. 

In its general appearance the engine is both 
robust and simple, and does not belie its con- 
struction. It is mounted with its reverse gear 
on a steel frame, the flywheel being forward to 
balance the weight. The cylinder casting, with 
its head, and the large crankcase, with its big 
inspection doors, make a group that could hardly 
Ixi matched for neatness and cleanliness. On 
the forward end of the engine, where all the 
moving parts are concentrated, there is a piece 
of mechanism, which, though simple in itself, 
is apt to be misjudged as complicated at first 
sight. It is the governing device and exhaust 
valve lifter. 

In principle the method of governing is the 
well-known “ hit-and-miss ” system, but it has 
features which are quite its own. The exhaust 
valve is not operated as in ordinary oil-engine 
practice through the motion of a cam, but by 
means of an eccentric rod and crosshead, deriv- 
ing their movement from the half-time shaft. 
Attached to the crosshead is a knife-edged tappet 
which, under normal running conditions, lifts 
the exhaust valve on each upstroke. By means 
of an inertia or pendulum governor this knife- 
v<^|(Jl^ed tappet is drawn to one side, when the 
lilleine speed exceeds the prearranged maximum. 
In this manner the exhaust valve will not open 
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at the proper period of the cycle, and the Im-I 
prisoned gases will be left inside the cylinder to 
act as a cushitjn for the piston. No fuel U per- 
mitted to enter during the next down stroke, 
and, the air-inlet valve being automatic, neither 
will air be admitted nor the exhaust gases 
allowed to escape until the engine shall have 
slowed down to its normal speed and the gover- 
nor fall out of action again. It would serve no 
useful purpose here to endeavour to explain the 
action of the pendulum governor, an account of 
which would require much space and several 
illustrations. In principle it is nothing more nor 
less than a device for drawing the valve tappet 
from underneath the valve stem, and this is 
rendered the easier by the peculiar knife shape 
of the tappet. 

Attached to the exhaust valve stem is a latch, 
which, on each down stroke, moves the bell- 
crank that operates the plunger of the oil pump. 
A spring causes the pump to fill automatically 
after each charge has been forced to the vapori- 
ser, and thus on ca< h down stroke the pump 
plunger is in the same position awaiting the 
lift of the latch. By a very simple method of 
limiting the motion of the bell-crank, the stroke 
of the fuel pump, and, the fuel charge, 

can be altered at will. This is accomplished by 
a stop, which can be moved forwards or back- 
wards by turning a conveniontly-sitiiated milled 
head, provided also with a locking device. It is 
plain that the motion of this pump, being de- 
pendent upon the motion of the exhaust-valve 
stem, no fuel is pumped into the vaporiser when 
the governor has cut the exhaust valve out of 
action. Vet, since the exhaust valve can only 
be opened at the correct period of a cycle of 
operations, ihe entr\ of the next charge of fuel 
must, nevertheless, be limed for the suction 
stroke. It will be se(*n further, from the descrip- 
tion of the vaporiser, that this method of govern- 
ing on the exhaust is the only possible one for 
this engine in its present design, for the tem- 
perature of the vaporis(T depends upon the 
internal heat oi the tingine and not upon the' heat 
of a blow lamp. Thus, if the hot products of 
combustion were rideased from the cylinder 
before the idle strol<es of the engine were com- 
pleted, the fresh air that would necessarily enter 
would considerably cool the vaporiser and affect 
the smooth running of the engine when the 
governor permitted the next working stroke. 

In the same pocket as the exhaust valve, but 
above it, is the inlet valve. Between the two is 
the vaporising chamber. Under the inlet valve 
is placed a cone-shapt'd ring, thermally insulated 
from the rest of the engine by resting on knife- 
edges, and incapable, therefore, of conducting 
its heat away through the w'alls of the chamber. 
The fuel from the pump is delivered in such a 
manner that it is sprayed by the entering air 
and carried round the vaporiser funnel, where 
a thoroughly intimate mixture is formed. When 
the engine speed rises above the normal and the 
governor comes into aetjon, it will be und>t^« 
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Fig. 51.— The Kromhout motor. 


lowing upon a compression stroteo^ 
and, therefore, preceding the 
tng stroke. A few strokes given ]bp 
the fuel pump by hand will then pro- 
vide the engine with its first charge 
of petrol. To draw air into the cylin- 
der for mixing with the petrol the 
flywheel can then be turned for a 
cjuarter of a revolution in the direcy 
tion of running. As the flywheel is 
smartly returned to its original 
position by a quick throw against 
the direction of running, the piston 
will be forced to compress the 
vaporous mixture of petrol and air, 
which, being fired by a spark from 
the magneto as the piston just ap- 
proaches the top of its stroke, will 
cause the engine start away. 
Gradually the small measure of 
petrol in the special container will be 
consumed, but as, during that time, 
the exhaust gases having been 
warming up the va|.)oriser to the 
requisite heat, when, alter five or 
six minutes, the disappearance of the 
petrol automatically starts the paraf. 
fin feed, all the essential conditions 
for satislactory working on the 
heavy oil will be present. But for the 
exceedingly rapid break obtained by 
the oscillating shield of the magneto, 
this simple, easy, and 0^ certain 
method of starting would be impos- 
sible. It should also be mentioned 


stood how the hot exhaust gases remaining im- 
prisoned in the cylinder serve to maintain the 
vaporiser hot enough to deal with the next in- 
coming charge of parafiin and air, perhaps some 
10 or 12 strokes later, for, when there is no 
load on the engine, a full charge stores a lot 
of energy in the flywheel. Ignition is by an 
oscillating low-tension magneto, which possesses 
great advantages for such .a slow-running en- 
gine as the Kromhout. From the sharp and 
rapid movement of the magnetic shutter a much 
more intense spark is said to be given by this 
type of magneto than from either the rotary 
type or from a coil and accumulator. And at 
such a low speed the disadvantages of the recip- 
rocating motion are, of course, not observable. 
In all the Kromhout <‘ngines, moreover, the fir- 
ing point is fixed, and in order that no attention 
shall be demanded by the ignition from unskilled 
hands when the engine is being started, an in- 
genious contrivance is added to the magneto for 
me purpose of setting it correctly for the first 
firing stroke. 

For starting, petrol must first be poured into 
the small reservoir near the top of the engine 
and connected to the delivery pipe of the fuel 
pump The flywheel must then be turned over 
until the piston is at the upper dead centre, fol- 


that the magneto is set to fire at 
the correct moment when starting up, by means 
of a latch, which is automatically slid into a 
position where it trips a special cam designed to 
operate the magnetic shield in the reverse direc- 
tion to the normal. Directly the engine com- 
mences to run in the proper direction this auxili- 
ary firing c.am ceases to be operative. W'hen the 
control lever of the reverse gear is placed in 
the neutral position the water circulation is auto- 
matically reduced in order that the cylinder may 
not be cooled too rapidly, for when the governor 
is cutting off the fuel supply on the light load 
and the engine is turning idly so many times the 
normal water circulation would upset the heat- 
ing of the vaporiser. Bevelled gear wheels provide 
the reverse in the usual manner. Six sizes of this 
engine are stocked; single-cylinders of loh.p., 
r4h.p., 2oh.p., 26h.p. and 35h.p., and double- 
cylinder sets of 5oh.p. and yoh.p., all being sup' 
plied on a bed-plate with the reverse gear as 
prerioiisly mentioned. 

The Pashy Engine. 

Two-cylinder 64h.p. and four-cylinder r28h.p. 
engines, developing their power at 375 revolu- 
tions per minute and similar in construction to 
the Pasley types described in Class V., are rnflide 
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firm, A standard detail of the equip- 
. ment of the big foux'-cylinder engine is an auxi- 
liary motor for starting. 

Van Rennes Motors. 

Amongst the engines used so extensively for 
barge installations in Holland, where the net- 
work of canals unspoilt by numerous locks gives 
to water transport an importance which can 
scarcely be credited by strangers, there is no 
more popular type than the Van Rennes. The 
original models were all horizontal, but vertical 
types have now been adopted additionally, and 
because only these latter find favour in Great 
Britain and the Colonies they alone are described 
herewith. ITiey are of massive construction, de- 
signed to turn at medium and low speeds accord- 
ing to their power. Built in six patterns, they 
include singlcwiylinder engines of 6h.p., i5h.p. 
and 25h.p., running respectively at 480 revolu- 
tions per minute, 36or.p.m., and 3oor.p.m., and 
four-cylinder units of 25h,p., 6oh.p. and looh.p., 
turning at corresponding speeds as above. From 
Fig. 52, which represents the looh.p. engine, it 
can be gathered how simple is the design. The 
cylinders are cast separately with removable 
heads and valve pockets. With the exception 
of the ignition details, all the fittings are on one 


side, the disposition of the overhead inlet visitves, 
actuated by rocker tappets, providing the Opfkr^ 
tunity for a heat arrangement of piping, with 
one fuel inlet and vaporiser to each pair of cyiln^ 
ders. Starting is effected by pumping a charge 
of petrol mixture into the cylinders and firing it 
electrically. In order to be able easily to turn 
the engine by hand to bring the flywheel into the- 
right position for starting, a small handle on the 
top of the crankcase is fitted to give half-com- 
pression by the movement of the exhaust valves. 
Once the engine has started, the exhaust gases 
commence to heat the vaporiser, which in a few 
minutes will attain the correct temperature for 
vaporising the paraffin fuel. When changing 
over from the spirit to the heavy oil, the air 
supply can be adjusted by throttling the air inlets 
with a simple movement of the rod running 
along the top of the valve pockets. The fuel 
feed is regulated by a small cock on the paraffin 
feed pipe of each vaporiser. Once this is ad- 
justed, the engine needs no further attention, 
for the lever operating the reverse gear controls 
also the mixture throttle. When the lever is at 
neutral the engine runs at the minimum number 
of revolutions per minute, and for ahead or 
astern the lever sets the engine to the maximum 
number of revolutions per minute. The governor, 
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ieen in the illustration, was provided to throttle pressure to all the main bearings, which are of 
the mixture, but this has now been abolished in generous proportions, the crankshaft being of 
favour of the interconnection of engine and re- large diameter and bored out for lightness! In 
verse gear control. An Eisemann high-tension the small bh.p. engine the inlet valve is auto- 
magneto is employed for ignition purposes. The matic, but in other respects the details of all the 
water circulation is maintained by a belt-driven engines are similar to those of the looh.p. lour- 
plunger pump. Lubrication is effected under cylinder type. 

CJass YIL 

Suction Oas Engines. Tbornycroft. 


The plant consists essentially of a gas gener- 
ator, a cooler and scrubber and an engine. Al- 
though the c'«'>mbined cooler and scrubber in- 
crease the amount of floor space occupied, they 
are indispensable adjuncts. The generator pio- 
vides the gas, which, being obtained at a high 
temperature, has to be cooled in the cooler, and 
then in the scrubber freed from any particles 
of dirt which may hap[)en to have been collected. 
Only after both operations is it ready lor com- 
bustion in the engine. 

Suction gas is really a mixture ol producer 
gas and water gas, and derives its name from the 
operation whereby it is obtained in the generator. 
Producer gas is obtained by blowing air through 
a red-hot fire in an enclosed chamber, so that the 
two gases, oxygen and nitrogen, which arc 
mixed in the air shall be separated, llie former, 
coming into contact with the red-hot coal — 
which consists principally of carbon — unites with 
the carbon to form carbon monoxide. If steam be 
blown through a red-hot fire also in an enclosed 
vessel, the steam is broken up into its constituent 
elements, oxygen and hydrogen, and here again 
cafbon monoxide is formed as the oxygen comes 
in contact with the red-hot coal. In the former 
case thus it is nitrogen that is left free, whilst 
in the latter instance it is hydrogen. Nitrogen 
is an inert gas, and is simply carried through to 
the engine, where its presence is immaterial to 
the combustion of the mixture, but hydrogen, 
being an active gas, becomes oxydised during 
the explosion in the cylinder, and water is again 
formed. At the same time the carbon monoxide 
is burnt completely. Both combustible gases 
are instrumental in the development of mechani- 
cal power from the engine, and the exhaust con- 
sists chiefly of carbon dioxide, with a certain 
proportion of water in the form of vapour. 
Whilst the constitution of suction gas must, of 
course, vary with different conditions over the 
coal grate, it may in its most general propor- 
tions be represented by the following analysis : 

CO (carbon monoxide). . 2 1 per cent. 

H (hydrogen) 15.2 per cent. 

CHi (marsh gas) ... 1.2 per cent, 

(pure oxygen) ... 0.2 per cent. 

N (nitrogen) 54.2 per cent. 

COJ (carbon dioxide)... S.2 per cent. 


It is, it will be noticed, not a very rich gas, 
more than onc-half its volume being composed 
01 gas that IS useless for combustion, the chief 
effect whereof is the need for Pi large cylinder 
capacity per horse-power. Inasmuch also as the 
gas cannot be generated very rapidly, there is 
a low’ limit to the engine speed. From both 
factors it lollows that ihe complete plant lor an 
installation is both heavy and room}. On the 
score of economy, however, so markedly is suc- 
tion gas suj>erior to steam or oil engines, that 
tor commercial purposes, where the question of 
running costs is important, the entire considera- 
tion of weight and space resolves itsell into a 
determination of comparisons with steam. 

In Fig. 53 the large drum is the generator, 
which consists of a shell lined with firebrick for 
a portion of its depth. Small coal is shot in 
through the top until the coal space is entirely 
filled. Assuming the fire to be burning and 
steam to be obtained — in a manner which is ex- 
plained later — then the steam is blown over 
the grate from the bottom, air at ihc same time 
being drawn in bv the engine. The grate con- 
sists of a dislied plate of slightly larger diameter 
than the brick-lined coal container, and, being 
jilaced slightly lower than it, a conical ring of 
red-hot coal is formed round the edge of the 
grate and exposed to the steam and air entering. 
The height of the plate is regulated by means 
of a rack and pinion, operated by a hand lever, 
moving over a locking quadrant. If the motor 
be running on a small load only, the big ring 
tmcircling the air holes in the drum permits a 
greater quantity of air to pass in and enter the 
fire above the level of the grate, the control of 
this ring being brought back to the clutch me- 
chanism. There are two grate doors-— diametric- 
ally opposed — and it is through these that the 
ashes are withdrawn. Although there is no 
hopper fitted to the generator shown in the 
accompanying illustration, such an arrangement 
is actually provided, for whilst the supply of 
fuel in one charge is sufficient for an entire 
day’s work, it may be required to continue run- 
ning without intermission for another day, in 
which case the replenishment is accomplished 
with the aid of the hopper. Steam is obtained 
from water circulating in a coil just below the 
grate, where the heat is always ample for the 
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IHirpose. This method also possesses the ad- 
vantage that die steam supply is always ready 
when die generator itself is sufficiently hot to 
provide gas for the engine. 

When the fire is first lighted, and there is no 
suction from the engine to assist the draught 
of air over the grate, a small motor-driven air- 
blower is brought into operation. For some 
time the process is analogous to that of the 
furnace of a steam boiler, for the coal will give 
off waste gases that, not being consumed b> the 
engine, must be led away through a chimney 
into the atmosphere. A funnel is therefore pro- 
vided at the top of the generator. W’hen the 
fire is burning with sufficient fierceness, the 
chimney door must be closed, and with the 
steam blowing over the fire the engine can then 
be started. Tpiis is not a job that can be tackled 
by the mechaTiics or engineers, as until a steady 
flow of good gas is being drawn from the gener- 
ator there will be no firing in the cylinders. A 
small petrol motor, balanced on the engine bed- 
plate, is therefore fitted for the heavy cranking 
work. Its own normal position is ^it an inclina- 
tion to the main engine, but a stout handbar 



enable!^ it to be rocked past the vertical positioti'^ 
until it is inclined sufficiently far in the other 
direction to tighten up the belt which runs over 
its own little pulley and that of the main engine. 
Directly the suction gas is ritdi enough to 
the driving belt from the small petrol motor can 
be thrown on a shelf and the petrol turned off. 

On its w’ay from the generator to the engine 
the gas is subjected both to a cooling and to a 
scrubbing process. Experience has shown that 
there is nothing sui>erior to the coke-scrubber 
and cooler, although it occupies a little more 
space than the plain water-spray apparatus. In 
the accompanying illustration the two towers 
next the generator are filled with coke. At the 
top there is a water tank from which a constant 
stream drips down the tower to the bottom, 
whence the surplus is drawn away by a pump. 
Both towers are similar, but whereas the gas 
passes up one it flows dt)W'n the other. Any 
dirt that may have been carried over from the 
fire is loft behind, and the gas passes then to a 
centrifugal drier, in which it is whirled down 
by a number of rotating discs and permitted to 
rise through a flue to the induction pipe. 



Fig. 63.— SaoUon gas proteoer and engina. 
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Before it reaches the cylinders it is mixed with 
air entering through an adjustable port. Once 
past the valves it is consumed in the same way 
as petrol or paraffin in the ordinary motor, the 
cycle of operations in the engine being similar, 
although various factors, such as the compres- 
sion, are different. All the valves are situated 
in the head of the cylinder, which is arranged 
to slide off to one side after a few nuts have been 
slacked. This enables the valves, gear 

and cylinder heads to be readily cleaned when 
desired. Inlets and exhausts are placed side by 
side and are operated by rocker arms, that are 
depressed against the pull of two light springs 
instead of ^^pne heavy one. Governing is per- 
formed by a quick-acting governor, which, 
when the maximum speed is exceeded, is ar- 
ranged to grip a brass-ended fibre ring between 
two collars on the f>overnor shaft. A certain 
amount of slip between the fibre ring and the 
stpel collars is permitted, but not enough to pre- 
vent the former being rotated slightly as the 
l^rip of the governor tightens. The teeth cut on 
its body then engage with a rack controlling 
the throttle. Hand regulation of the governor 
is provided in a very ingenious manner. The 
linked frame seen at the top of tlie engine at 
the after end can be rocked about its lower end, 
and, in so doing, the upper collar on the gover- 
nor shaft raised or lowered, and thereby the 


speed at which the fibre ring is gripped corre- 
spondingly increased or decreased. Although 
the vertical movement in the collar is very small/ 
the variation in the speed amounts to about 33 
per cent, of the complete range of speed of the 
engine. High-tension electric ignition is now 
fitted. The water jacket on the cylinders con- 
sists of a steel coat shrunk on the cylinder trunk. 
For starting, half-compression cams are brought 
into enga,genient, but they are automatically 
cut out w'hen the proper speed of the engine is 
attained. An exhaust valve lifter is also pro- 
vided in order that the engine can be turned 
round by hand. An oil tank is attached to the 
engine frame at the after end, whence the oil 
is forced under pressure to some of the bearings, 
the remainder being lubricated by gravity feed 
from a tank at the side of the engine. A par- 
ticularly interesting, though trivial, detail is the 
discharge of the w'ater from the cylinder heads 
through an open pipe into a funnel just below, 
by which means the circulation can always be 
verified. Although in the Thornycroft works 
only two models, a four-cylinder 6oh.p. and a 
two-cylinder 3oh.p., are constructed, larger sizes 
are made to tlie same general design in the 
Beardmore works on tiu' Clycl(\ It was a Beard- 
morei suction i^as ('n^mc ot 55oh.p. that did SO 
well in H M.S. “ Rattler ” during the season of 
1908. 
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RACING ENGINES. 


Introduction. 

It is not too much to say that the system of 
rating- power according to the bore of an engine 
has coaipletel> revolutionis^jd the design of 
motors, both ashore and afloat. The system, 
so far as marine motors aie concerned, first 
made its appearance at Monaco in 1908, while 
a formula depc^nding only upon bore, not on 
stroke or revolutions, as had formerly been 
the case, was at the same time introduced by 
the M.M.A. in this country. How great the 
influence of a rating rule can be on designs, 
and how it can accelerate or retard progress, can 
only be realised by a study of types evolved re- 
spectively under the old and the new rdgime. 

Take, for example, the old French engines 
rated entirely on bore and stroke. The obvi- 
ous method of cheating rules was to force up 
the revolutions to the last possible limit, and, 
as nothing w'as said about weight, to cut factors 
of safety down to vanishing point. The result 
was an exaggerated development of the motor- 
car engine of that day, and one that quickly 
succumbed to the more strenuous conditions 
encountered at sea. Experience had not then 
taught the necessity for sf)ecuil lubricating and 
cooling arrangements, for effective insulation, 
or even for adequate bearing surfaces, and 
French racing boats at once acquired a reputa- 
tion for short and furious hursts of speed, alter- 
nating with breakdown and breakup oF every 
description. 

Meanwhile, an exactly opposite tendency was 
discernible in England. Starting a little later, 
and, consequently, having the warning of Con- 
tinental experiences to guide them, our owm 
M.M.A. evolved a power-rating formula that 
w’as the very antithesis of the French rule in 
that it included revolutions. Nothing, there- 
fore, was to be gained by running fast, and in 
an effort to obtain pro[x:ller efficiency a heavy, 
slow-running type w%as developed that made an 
infinitely better marine job. For certain pur- 
poses, indeed, the type was ideal, but, as is 
often the way in such cases, it was carried to 
too great an extreme, and engines of large 
dimensions gave altogether disproportionately 
low power; the intrinsic advantages of the in- 
ternal-combustion engine were, in fact, to a 
great extent lost, and the distinguishing fea- 
tures of compactness and lightness, as com- 
pared with steam engines and boilers, suffered 
accordingly. 

The racing of 1907, however, clearly demon- 


strated that the inclusion of revolutions in any 
power-rating formula was impracticable, owing 
to the impossibility of checking them during a 
race, and accordingly the old formula was aban- 
doned. It was then seen that, by leaving out 
the factor of strokes, designers would be com- 
pelled to increase that dimension to its utmost 
limit, and that, consequently, the tendency to- 
wards inordinately high revolutions would be 
automatically checked by the limits of piston 
speed. A power-rating formula w^as, therefore, 
evolved, depending solely on bore, and a very 
similar rule was brought out at the same time for 
the Monaco meeting. From the first, the M.M.A. 
had indirectly provided against the construc- 
tion of undesirably light motors by their rating 
formula (not power rating), but in France this 
factor was at first omitted, though included at 
the Monaco meeting of 1908 in the shape of a 
minimum weight restriction on the whole boat. 
And the result has been an improvement that 
can scarcely be credited. Engines of a size that, 
three or four years ago, would have developed 
15 to 2oh.p. now give as much as 6oh.p., and 
where ii knots would at one time have been 
considered a fair speed, 18 or more are now ob- 
tained with hulls not a whit less seaworthy. 

But the old M.M.A. rule, though now obso- 
lete, did excellent service, for it freed designers 
from the consideration of many complex pro- 
blems and left them leisure to consider such 
matters as the perfecting of lubrication systems 
and the improvement of installation arrange- 
ments generally. In short, it enabled them to 
turn their attention to the formerly baffling pro- 
blem of how to keep an engine running at full 
power for an indefinite period. To the car owner 
the problem will be more intelligible if a boat be 
considered as an automobile travelling up a steep 
hill all day on bottom gear. Tlie knowledge 
gained was invaluable, and wffien the variants of 
a simple “ bore formula ” came into force, 
marine motor engineers w^ere in a position to 
tackle the problem of getting the most out of a 
cylinder of given size, without losing sight of 
the essential features of a marine engine. To 
have put such a formula before them at an 
earlier date would have been equivalent to placr 
ing firearms in the hands of a child, and would 
have produced an unreliable, weak and freakish 
type of engine that would have brought dis- 
credit on the whole industry. With this brief 
retrospect, we may proceed to discuss racing' 
engines as we know them to-day. 
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English and French formulae, differing in 
matters of detail, have now been merged into 
the new International Motor Yacht Racing As- 
sociation’s formula, in which power is a function 
of the 2.4th power of the bore. It may be as well 
- to mention here, though the matter is dealt with 
at length in another section of this book, that 
this index has been chosen in preference to the 
square of the bore to neutralise the advantage 
that a big engine gains over a small one under 
the latter conditions. The point does not, how- 
ever, affect the subject dealt with in this article. 
We have before us the problem of producing an 
engine not exceeding a certain bore, that shall 
give the greatest possible amount of power, and, 
at the same time, embody those features which 
experience has proved essential in a motor des- 
tined to run at the utmost limit of its capacity 
for protracted periods. 

Preliminary Consideratiom. 

Revolutions , — The first point to be decided 
is the speed at which the enf>ine is to run. At 
the outset it may be stated that considerably 
higher revolutions may be advantageously em- 
ployed than would have been the case a few 
years ago. For this we are indebted to a great 
extent to the great inriea^ of knowledge re- 
garding high-speed propellers. The adoption 
for war.ships of turbines running at 1,200 revolu- 
tions is probably mainly responsible for this, as 
it has compelled such linns as Messrs. Thorny- 
croft and Yarrow to reconsider the whole sub- 
ject, and the experience gained cannot have 
failed to have been invaluable when applied to 
motor craft. Some such speed as this may, 
therefore, be taken as approaching the limit to 
which it is desirable to go, and the question 
resolves itself into a choice between designing 
an engine to run at about this rate, and adopting 
a much higher speed with a geared-down 
propeller. 

Gearing-down may, of course, be effected 
either by gear wheels (in which case the advisa- 
bility of driving off a specially -constructed cam- 
shaft must be considered), or by means of a chain 
drive, and the choice between the direct and 
geared drive must depend upon the designer’s 
estimate of gain in proiieller efficiency as op- 
posed to loss in transmission, with the additional 
factor of the extra power that may be gained 
from the engine by running it at a greater speed. 
The loss in gearing might well amount to as 
much as 20 or 25 per cent, after a few months of 
hard work. Chains of the best type, running in 
an oil bath, have, when new, an efficiency as 
high as 94 per cent., though this would fall to 
90 or 85 per cent, with constant use. We do not 
know of any existing example of a chain drive in 
a racing boat, though we expect to see one in- 
stalled in an Sumetre racing cruiser in 1909. Of 
this more anon. 

Lanturlu,” a competitor at the last Monaco 
meeting, was fitted with a gear drive, but no 
very accurate comparison was possible between 


her and others of her class, as neither the hull 
nor the engine was of such an extreme type as 
most of her rivals, but, so far as could be judged, 
the system seemed distinctly advantageous. 

Stroke . — Having settled the question of revo- 
lutions, the stroke is the next factor to 
determined. Obviously, this must be as long as 
possible, and the limiting consideration will be 
the piston sjxjed at which it is possible to run, 
which, again, will depend primarily upon the 
weights of reciprocating parts. For an engine 
running at about 1,200 revolutions, the maxi- 
mum for a big engine, for example, a motor of 
bin. bore, which approaches the limit of the in- 
ternational small racer class, has been about 8in. 
Special “ 4-inch ” motors have since been con- 
structed with as long a stroke as this. Exhaustive 
experiments with crankshafts of various throws 
were carried out last summer iv’ith a Metallur- 
gique motor of about 4^in. bore, built specially 
for the 8-metre racing cruiser class, and brake 
tests showed that most power was obtained with 
a stroke of just over Ojin. ITnis engine develops, 
astounding though it may appear, over 6oh.p., 
and with bigger valves and longer stroke 8oh.p. 
will be obtained. 

Compression . — It is necessary that the com- 
pression to be employed should next be decided, 
for, if this be very high, it will materially affect 
the design of the cylinder head, it being im- 
possible to obtain very high compression if large 
valve pockets are usi'd. It is on the question of 
compression that the opinion of the best de- 
signers seems to vary most. About 851b. to qolb, 
is considered by the majority as far as it is 
desirable to go, and brake tests with varying 
compressions have in many cases proved these 
figures to be more or loss correct. On the other 
hand, a notably successful motor, the Sizaire- 
Naudin, is, we believe, run at over loolb. com- 
pression. The question is one best settled by 
actual experiment after the motor is built, pack- 
ing pieces being placed under the cylinders or 
above the big-end brasses as may be required, 
while a certain amount of variation may, of 
course, be obtained with dished valve caps. 

When such experiments are contemplated, it 
is, however, essential, as already hinted, that the 
design of the cylinder head be such that the com- 
pression can actually be obtained. Finally, it 
must not be forgotten that every extra pound of 
compression employed involves an enormous in- 
crease of the tendency to overheat, a trouble that 
can only be got over by the most elaborate pre- 
cautions in any high-speed marine motor. 
Indeed, In large engines it becomes so acute that 
it probably would not pay to attempt to run at 
more than 851b. compression in a cylinder of 
6in. bore or more, though as much as i2olb. to 
Ae square inch has been successfully employed 
in small engines. 

Valves.— In determining the dimensions of 
valves it cannot be too clearly kept in mind that, 
from the point of view of efficiency, the fiest 
thing to do would be to lift the cylinder head 
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off at 'every stroke. That is not, of course, 
possible, but, ^ as an approximation to this ideal, 
valves should be made as large as possible. From 
Soft, to looft. per second is considered about the 
best speed for the gas through the valves, and 
though horse-power- — revolution diagrams — in- 
dicate that no ver^ great loss is experienced from 
wire drawing until a velocity of 140ft, per second, 
so excessively high a speed should be avoided 
whenever possible. 

On this basis the valve sizes can be calculated 
in the usual way, and it only remains to arrange 
them in the cylinders. In this connection, valve- 
pocket design affords a stumbling-block that has 
proved the undoing of many an otherwise excel- 
lent motor. Assuming that the valves them- 
selves are sufficiently large, it occasional!} 
happens that they are designed to work in quite 
small valve pocLets, leaving but little clearance 
between the periphery of the valve and the walls 
of the pocket. In this case the gas is most 
effectively throttled between the valve and the 
cylinder, and the wire-drawing effect is as bad, 
or worse, than with small valves. 


the cylinder head* Putting this aside» there it^ 
main four possible systems. First, the inlet and 
exhaust may be placed side by side in one pocket,; 
as is the standard practice in most engines of 
to-day, and which admits of a moderately high 
compression and undoubtedly gives the most 
silent and accessible engine; second, one valve 
may be situated over the other, as in the Thorny- 
croft motor of “ Gyrinus,’’ where the inlet is, 
over the exhaust, or in the Metallurgique engine, 
ol which the exhaust is over the inlet ; third, the 
exhaust may be in a pocket by itself, with the 
inlet valve right in the top of the cylinder head, 
vide the big Mercedes racing engines; and, 
fourth, both inlet and exhaust may be in the 
cylinder head. 

The first system can be recommended for 
general convenience and absence of noise; the 
second provides an efff*ctive method of cooling the 
exhaust valve by blowing the cool, incoming gas 
on to it; the third admits of an almost unlimited 
size of valve and allow s a most efficient scaveng- 
ing action to take place, besides allowing of an 
excellent water-jacket design ; and the fourth 




Now, as to the arrangement of the valves 
themselves. It is, of course, perfectly easy, as 
explained on another page, to calculate the size 
of valve required to give a certain speed of the 
gas for a predetermined rate of revolutions, and 
having arrived at this, it only remains to decide 
how the valves are to be arranged. In the first 
place, given a certain valve area, it must be de- 
cided whether this is to be embodied in a single 
valve or distributed between two. For the inlet, 
which will, of course, be mechanically operated, 
there is no objection to a valve of any size, but 
exhaust valves, being subjected to excessively 
high temperatures, are liable to overheat and get 
out of shape, and in very large engines, exceed- 
ing 7in. bore, it is probably the best practice to 
employ two exhaust valves. Some system of 
pockets has to be arranged for the valves, and in 
a high-compression engine it may at once be 
said that an arrangement of inlet and exhaust 
on opposite sides of the cylinder is not permis- 
sible, as the large size of the pockets makes it 
impossible to obtain sufficient compression, even 
if the piston be carried almost into contact with 


makes a higher degree of compression possible 
than can be obtained with any ot the foregoing 
systems. The last is probably the best arrange- 
ment from the view of pure efficiency, but it has 
the drawback that, to obtain an efficient w’ater- 
jacketing system, the valves must be free to 
drop into the cylinder should their stems break, 
and should such an accident occur, it would, in 
all probability, result in the wrecking of the 
whole engine. The four systems are illustrated 
herewith, and it must be left to individual taste 
to decide which to adopt. 

One word of warning regarding the method 
of operating the valves in the last case. One is 
tempted to pivot a rocking arm betw’een the two 
valves and to operate one of them by means of 
an undercut profile of the cam. This system was 
to be seen on some of the old Darracqs and Fiats, 
but in the light of more recent experience it is 
not to be recommended, as it docs not permit of 
an inlet valve opening until a perceptible interval 
after the closing of the exhaust valve of the same 
cylinder. Exactly the same arrangement was 
to be found on the engine^ of “ Dixie II.,” win- 
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n«r of the B.I. Trophy race of 1908, but in this 
* tasc the maximum speed of the motor was only 
95or,p.m. Had the timing of the valves been 
different (assuming always an efficient cooling 
system), it should have been possible to run this 
engine a good deal faster, for, as will be seen 
shortly, to obtain the best results at high speed, 
a certain amount of lap is required on valves. 

Valve setting , — This is a matter concerning 
which no definite rule can be laid down. The 
best setting for the valves on any particular en- 
gine can only be determined by experience and 
experiment, the angles varying considerably 
with the valve diameter, speed, design of valve 
pockets, and length of stroke. Broadly sj>eak- 
ing, however, both the inlet and exhaust valves 
should open early and close late in a high-speed 
racing engine, these characteristics becoming 
more apparent as the revolutions go up. The 
illustration shows roughly the arrangement. 


the result being that the compression is w>ery 
much lowered for starting. We illustrate the 
motor in question herewith, and can most 
strongly commend the system to designers of all 
racing engines of the future. 

Auxiliary exhaust valve . — The idea of fitting 
ports in the cylinders to be opened by the piston 
at the bottom of its stroke is, of course, very fkr 
from new. It was tried in the early days of 
motorcycling with great success. In larger en- 
gines, however, some trouble has been experi-* 
enced through getting exhaust gas back into the 
cylinder towards the end of the suction stroke, 
and for this reason the system has not come 
much into vogue. It appears likely, however* 
that auxiliary exhaust valves will in future be- 
come very common, for, given a satisfactory 
method of getting over the difficu.',ty just named, 
there is everything to be said in favour of them. 
An enormous amount of back-pressure is done 



Fig. 

The inlet here begins to open before the ex- 
haust stroke is completed, and the <*xhaust does 
not close until after the piston has begun to 
descend on the suction stroke. From this it will 
be perfectly obvious that such valve setting 
makes it quite impossible for an engine to be 
ruq dead slow. If this were attempted, the ex- 
haust gas would fire the fresh charge before the 
inlet had time to close, and there would be a 
fireback into the carburetter. For this reason 
such an engine is rather hard lo start, and to 
get over this difficulty an excellent arrangement 
IS to be found on the Sizaire-Naudin motor, in 
which the inlet cam can be moved under its 
tappet, giving a variable cam profile according 
to the position of the throttle. With the throttle 
Only a little open, the setting of the inlet valve 
is entirely altered. It does not open till the ex- 
haust is closed, and it does not shut until the 
piston is some way on its up-stroko, so that part 
of the charge is returned to the induction piping, 


A O 
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aw^ay with, and, most important ol all, the ordi- 
nary exhaust valve is relieved of a lot of work, 
is not so subject to pitting, and has not anything 
like the same tendency to overheat. Probably 
the most successful example of the application of 
this principle is to be found in the engine of 
‘‘ Dixie II.” The bore is 7iin., and, without 
special arrangements for cooling, it would have 
been quite impossible to run such a motor even 
at 75or.p.m. through a long race. 

We have just referred to the necessity for pre- 
venting exhaust gas getting back into the cylin- 
der through the auxiliary port during the suc- 
tion strokt*. This has been most successfully 
got over in the case of ” Dixie II.” by putting 
mechanically-operated mushroom valves just 
outside the ports, these valves being open during 
the exhaust stroke, but closed during the suction, 
thus making it quite impossible for any of the 
exhaust to blow back. 

General considerations . — From the above it 
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will D£5 clear how the principal characteristics of 
a racing engine must be arrived at. Other ques- 
tiqns of design will follow more or less normal 
lilies, though the dimensions of all parts must, 
of course, be calculated to be of sufficient 
strength to withstand the additional strains due 
to the extra power obtained from the cylinders 
as compared with ordinary motors of the same 
bore, so that bearings, etc., must be of excep- 
tionally large size. 

, Weight . — One of Jthe most important factors 


boring out the lower part of the trunks* Cudg'fiDil 
pins should tn? hollow, and the connecting 
if of H-section, should be bored out in the weU» 
and also in the bosses that take the brasses 
While dealing with this part of the subject, it will, 
perhaps, be as well to state that a circular seo^ 
tion is the strongest, for a given weight, fo|;, A 
connecting rod, and it is, therefore, the best to 
adopt, the rod being, of course, hollow. One of 
the finest examples of weight-saving in reciproi 
eating parts is to be found in the Metallurgjque 



Fig. 3.— Sizaire-Naudin motor. 


to be decided is the weight, not so much of .the 
engine as a whole, though that is very important 
in an unrestricted racer, but of the reciprocating 
parts, for, unless these be extremely light, the 
combination of long stroke and high revolutions 
will be found to set up fearful strains and exces- 
si\fe vibration, which will be fatal to the efficiency 
of the engine. Pistons must, therefore, be of the 
finest possible material and must be machined 
inside as well as out to the limit demanded for 
"^sttfength, and a good deal may be saved by 


motor for the 6J-8-metre racing cruiser class. 
The bore is io6mm. (4^^111.), yet the weight of 
a piston and connecting rod complete is only 
5|lb. 

The weight of the valves, too, is a factor that 
must not be neglected; they must be aji light 
as they can possibly be made, consistent with 
strength. A heavy valve will not close quickly 
enough at high speeds, and may frequently be 
heard to chatter violently, however strong the 
valve springs may be. • 
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' Where the weight of an engine as a whole has system. It certainly has its advantages, bat 

to he considered, as in an out-and-out racing that an equally good motor can be built on ordi* 

boat (not in a restricted class with a minimum nary lines would appear to be proved by the per* 

weight limit), a great deal more depends upon formance of the Napier cars at Brooklands in 



Fig. 4.— “Dixie II.’s” motor. 


the design. There can be little doubt that a V 
engine can be made the lightest for a given 
power, and, unless other considerations out- 
weigh it, there can be little doubt that this type 
is the best to adopt where weight-saving is of 
very great importance. But there are, of course, 
many little ways in which weight can be saved. 
TTie crankshaft can be hollow; in spite of the 
expense, it may even pay to bore out the cam- 
shaft, as is done in the big Mcrci^'d^s motors, and 
there are a hundred little fittings which can be 
cut down in weight without any sacrifice of 
strength by the judicious use of a drill. Only 
an ounce, it may be, will be saved here and there, 
but it is surprising how scientific paring of de- 
tails may save hundredweights on the complete 
engine. 

Advanced centre construction, or, as the 
French have it, “ cylindres desax^s,” has been 
adopted by one or two makers of racing motors, 
notably the Mors and Metallurgique firms, the 
latter especially claiming that the admittedly 
wonderful power obtained from their engines is 
to be attributed to this system. The io6mm. 
engine of the latter make", already referred to, 
has an olfset of no less than ijin., and, to com- 
pensate for the increased speed of the piston at 
the top of the stroke, the camshaft is set fin. 
out of line with the valve tappets, so that the 
valves are opened very rapidly. We are not pre- 
pared to pronounce definitely for or against the 


competition with the Metallurgiques. One point 
must not be overlooked. With a desax^e cylin- 
der there is a more sudden reversal of stress on 
the sides of the big-end brasses at the bottom of 
the stroke than there is with an engine having 
its cylinder axes in line with the crankshaft axis. 

Cooling . — However well an engine may be 
designed in other respects, it is not too much to 
say that its success or failure depends entirely 
upon the efficiency of its cooling arrangements. 
It must be understood from the start that ordi- 
nary water- jacketing systems that have done well 
enough on engines of older type are quite inade- 
quate to the requirements of “high-bred” motors. 
Even in a four-inch racing motor extreme care 
is necessary in the jacket design to efficiently cool 
the cylinder head and exhaust valve pocket, the 
seating of the valve requiring the most careful 
attention of all. Water-cooled valve caps are, in 
our opinion, desirable on an engine of this size.' 
'They have given wonderful results on the zfih.p. 
class Napier cars at Brooklands, and for marine 
work they are almost essential. For large 
cylinders they become an absolute necessity if 
the motor is to run successfully at full power. 
We have seen many engines so fitted, but in,, 
some cases the efficacy of the caps has been 
greatly reduced by the absence of proper circu- 
lating arrangements, it being common practice 
to merely by-pass them from the main water 
jacket. Such an arrangement only too fre- 
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qucntly' results in steam locks, when the caps be- 
come almost useless. By far the best practice is 
to have a separate pump and an entirely separate 
circulating system for the valve caps. 

The crankcase , — In more than one racing 
CPgiue very serious trouble has been experienced 
lubricating the main and big-end bearings, 
and where seizing and breakage has occurred it 
has nearly always been attributed to a faulty 
lubrication system. In the old days of splash 
and drip lubrication, this diagnosis was no doubt 
usually correct, but to-day, when forced lubrica- 
tion is almost universal, the trouble is, we think, 
more frequently due to the oil losing its lubri- 
cating properties through excessive heating than 
to any defect in the supply. It is not generally 
realised how hot the interior of a crankcase is 
liable to become* in the course of a long run — 
far hotter ‘ in a boat than on a car, as in the 
former case there is little or no air draught to 
assist the heat to disperse. Curiously enough, 
some engines seem to have a sharply-marked, 
critical speed, at which the crankcase remains 
reasonably cool, while a very slight increase of 
speed, maintained for 15 minutes or so, suffices 
to overheat the crankcase badly. We could 
name a boat, whose engine, of about boh.p., 
could be relied upon to run all day at qzor.p.m., 
but which, if accelerated to 95or.p.m., used to 
heat badly in a few minutes, and lost a lot of 
power. We speak in the past tense, because 
special cooling arrangements have since been 
fitted to the crankcase, and the motor can now 
be run at full speed without the slightest 
trouble. 

Bioadly speaking, there are two distinct ways 
in which this overheating of the lubricant, due 
principally to gas getting past the piston rings, 
may be overcome. The oil itself may be cooled 
by being passed through a condenser on its* way 
to the bearings (in a complete forced-feed sys- 
tem), or the whole interior of the case may be 
cooled by drawing air through it. The best ar- 
rangement of all is probably a combination of 
the two systems, though this should only be 
necessary in engines of bin. bore and upwards. 
An extremely simple, and, at the same time, 
perfectly effective, method of ventilating the 
crankcase is to arrange for the air intake to the 
carburetter to draw from the interior. A 
SLifificiently large pipe must, of course, be fitted 
to allow air to enter the case, and to prevent too 
much lubricating oil getting into the induction 
piping a baffle plate and gauze cover must be 
fitted over the suction. We say ** too much ” 
lubricating oil advisedly, because, in more than 
one case, notably on “G^rinus,” a certain 
amount of lubrication of the fuel has been found 
distinctly beneficial, affording an excellent 
method of oiling the cylinder walls. 

Exhausting the crankcase . — An idea that will 
be embodied in one of the new 8-metre racing 
cruiser engines next year is to keep a pump 
.always running that shall draw all air and gas 
out of the crankcase (no vent pipes will be 
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fitted), and so keep it always clear of the 
exhaust that gets past the rings. Thi% 
ever, is not the only object. The engine is to 
run at exceptionally high speed with a geared- 
down propeller, and the designer hop^s to aave 
a good deal of power by thus doing away with 
the churning action of the cranks against igar 
in the case. Anyone who has had any experi- 
ence of running brake tests with a fan dynamto- 
meter will know how a small fan will absorb 
power at high speed. A fast-running crank- 
shaft, particularly if the stroke be long, may be 
regarded as a fairly powerful fan dynamometer, 
and, by eliminating this absorption of power by 
exhausting the crankcase, it is possible that a 
very appreciable saving may be effected. 

Sparking plugs . — A matter of detail that is 
apt to be overlooked amidst a number of seem- 
ingly far more important considerations is the 
question of sparking plugs. It must be remem- 
bered that, in a high-speed, hi,qjh-compression 
engine, the temperature of the inside of the cylin- 
der is always very high ; again, assuming that 
high-tensipn magneto ignition be employed, the 
high speed will result in an abnormally fierce 
spark, and with these two factors combining 
against them towards the same end— overheat- 
ing — only specially-designed plugs can be relied 
upon to stand up to the work, and then only if 
they be so placed as to gain the maximum bene- 
fit of the surrounding water jacket, and should 
they be also exposed to the rush of cool, incom- 
ing gas. 

Lubrication. — Last, but very far from least, 
we come to lubrication. It may be accepted as 
an axiom that only a complete forced feed at 
considerable pressure can be entirely satisfac- 
tory. There should be a feed to each main bear- 
ing and thence to the big-ends through the 
crank webs and again to the gudgeon pins, and, 
in addition, there should be a feed to each piston. 
A sump should be provided in the bottom of the 
crankcase, whence the oil should be drawn by a 
pump, through a condenser as already indicated, 
and then be supplied to the bearings. 

Much has been said regarding the unrelia- 
bility and tendency to overheat and generally 
give trouble on the part of racing engines. 
Where trouble has occurred in the past, it has 
always been due to bad design, to ignorance, or 
neglect of one or more of the precepts set out 
above. Wo know from our own experience that, 
without adequate cooling and lubricating^ ar- 
rangements, high-speed, high-compression en- 
gines do give endless trouble, and wc also know 
that, by proper design, no trouble whatever need 
occur. Such an engine may, in fact, be placed 
in the hands of any intelligent amateur owner, 
and, so provided, he will have at once a perfect 
racing machine, while, at the same time, by not 
opening the motor out, it may be used perfectly 
well for ordinary cruising work. The fallacy of 
regarding all racing engines as freaks is 
every day being more clearfy realised in motor- * 
car circles, and already the same is, to a certain 

1 
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extent, true of marine motoring. For years de- 
signers have failed to get more than about half 
the power they might have obtained from engines 
of given size. The principle of rating by bore 
both ashore and afloat has served to show the 
latent possibilities of the internal-combustion 
engine, and, as stated at the beginning of this 
article, has effected practically a revolution in 
design, which cannot but radically affect all 
motors intended for pleasure launches. The 
pure racing engine is probably still far from 
finality. And now, having briefly touched upon 
the more important problems that beset the de- 
signer of racing engines, we may turn to some 
'practical examples of the type. 

Sixairc-Naudin Motor. 

One of the first firms to seriously, tackle the de- 
sign of special engines was Messrs. Sizaire-Nau- 
din, who achieved phenomenal success in the voU 
turette classes ashore and also afloat in the dinghy 
class at Monaco with the boat “Sizaire-Naudin. ” 
We have selected this as perhaps 'the finest ex- 
isting example of the very small racing engine. 
An illustration of this motor has already ap- 
peared (Fig. 3); the bore is loomm, — just 
under 4in.— and the stroke ibomm. (6Jin.). In 
the boat this engine was run at i,30or.p.m., at 
which speed ij.5h.p. was obtained, though on 
the test bench no difficulty was found in forcing 
it up to i,8oc)r.p.m., at which speed lOJh.p. was 
obtained. Now, even at i,3oor.p.in., the piston 
speed is very high — i,365lt. per minute — and it 
is quite obvious that such a figure would not 
have been reached, much less the higher speeds 
invofved by i,8oor.p.rn,, were not the moving 
parts extremely light. 

From the piston speed just given the need for 
enormous valves at once becomes apparent, and 
a glance at the illustration, which is approxi- 
mately to scale, shows the relative sizes very 
clearly. The valve diameter is 52 millimetres 
(2.710.), or more than half the bore, and the lift 
is 9 millimetres (.3610.). It will be interesting 
to work out the velocity of the gases through 
the valves. We will call this v, and the area of 
the valve opening a ; also the piston area may 
be indicated by the letter A and the speed by S. 

A .S 

Obviously, va=:ASorv = 

TT a 

Now, A = — D 2 (D being the diameter of the 
4 

piston) = 12.56 square inches, S we have al- 
ready seen = 22.75ft. per second, and a is, of 
course, the product of the valve circumference 
and its lift, or tt x 2.7 X .36 square inches = 
3.15 square inches. 

Substituting these figures we have : — 

12.56 X 22.75 

V =r 92ft. per second. 

3-15 

This is quite a normal speed for the gases, any- 
thing between Soft, and looft, per minute being 
considered correct. • 


As regards valve setting. The exhaust 0p6nS' 
rather early and closes only after the piston has. 
got well started on the suction stroke ; the inlet 
opens just after the dead centre (so that both' 
valves are open together for a very short period) 
and closes very late. That, at least, is the ar- 
rangement when the motor is running all out. 
With this timing there is a great tendency to 
fire back at low speeds, and sosa graduated, 
inlet cam is provided. It is carried on a sliding 
sleeve on the camshaft, and by shifting this sleeve 
a varying cam profile is brought under the inlet 
tappet. By thus altering the lift of the valve a 
throttle is provided, and, in addition, a vari- 
able compression device is obtained — a very de- 
sirable feature, for the compression is enormous, 
and the writer has tried in vain to pull one of 
these little engines over without bringing the 
release device into play. Thie consists of an 
extension of the inlet cam that is brought into 
action during the compression stroke ; that, is 
to say, the inlet valve is held open very late 
indeed, so that part of the charge sucked in is 
returned to the induction piping. In this way 
the compression can be made as light as is de- 
sired for starling. 

The compression when the motor is running 
all out is extremely high, approaching about 
i2olb. per square inch. Motors have, of course, 
been run at higher compression than this, but 
for continuous work even the figure given is 
rather exceptional, and has, probably, only been 
adopted in the present case because the engine 
is a very small one. For the same reason no 
very special precautions have been found neces- 
sary with regard to the cooling and lubricating 
of this motor. The jacket is, as may be seen, 
large and well designed, especially round the 
exhaust valve. Splash lubrication is relied upon, 
but has been arranged with very great care. 
The crankcase is square in cross section ; this 
cannot be seen from the drawing, and the result 
is that a practically constant splash feed is main- 
tained by the flywheels, irrespective of the actual 
quantity of oil (within limits) in the case, any 
excess being piled up, so to speak, in the corners 
of the case. In addition, a drip feed supplies 
the main bearings, whence the oil is passed by 
centrifugal force to the big-end. 

A Thomycroft Engine. 

Next may be considered a less extreme type of 
motor : the Thomycroft engine installed in t)iat 
very successful competitor in the 8-metre racing 
cruiser class, “Gyrinus.” It is a four-cylinder 
model of 4 3-1610. bore (io6mm.) by 5in. stroke, 
and, it is interesting to note, is almost exactly 
similar, except for a slight increase of bore, to the 
Thomycroft car engines that ran in the “ Four- 
inch Race in the Isle of Man. The cylinders 
are cast in pairs, and, to give the necessary 
compression and also to assist in cooling the ex- 
haust valve, the inlet valves are situated over 
the exhaust. Now, this is, of course, in direct 
opposition to standard Thomycroft practice. 
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Hvkich is to place the valves on opposite sides of 
the cylinders, and. so it is that we find, as in the 
illustration, that the inlet tappets are worked oil 
a Sijeparate camshaft on the other side of the 
engine* The motor is run at J,25or p,m. in the 
boat, at which speed it develops about 4oh.p., 
and so here a^ain the weight of reciprocating 
parts becomes of very great importance, and, 
accordingly, we find valves and connecting rods 
are extraordinarily light ; nor is there any super- 
fluous metal in the pistons. The valves are very 
large, 2|in. diameter, so that they approach the 
size of the Sizaire-Naudin motor, though, the 
stroke of the English engine being an inch 
shorter, it is obviously not necessary for them to 
be quite so large. The valve setting, while a 
little out of the ordinary, is not so extreme as in 
the French engine. The exhaust opens when 
the piston is ht'jlt an inch off the bottom of its 
stroke. The inlet opens almost immediately 
after the exhaust is closed, so that there is no 
actual lap on the valves, and remains open for 
exactly half a revolution. The accompanying 
diagram shows roughly the arrangement, 
though the angles are not absolutely accurate. 

On the question of compression, also, the en- 
gine now under consideration is a compromise 
between the normal and the extreme, the actual 
figure being 8olb. per square inch. But to re- 
turn to structural details. The valve springs arc 
of exceptionally large diameter and are simply 
hooked into slots in the valve stems instead of 
the usual collar and cotter arrangement, whereby 
some weight is saved. The connecting rods are 
of circular section and hollow, and especially at 
the upper end, where the inertia forces are most 
apparent, as light as they well can be. The 
gudgeon-pin bearing is |in. diameter by 2in. 
long, while the big-end is i|in. by 2^in. There 
are five rings on the pistons : four at the top 
and one at the bottom, to make quite sure that 
no oil shall get past, any fouling being, of 
course, fatal in the cylinder of a high-compres- 
sion engine. 

Lubrication is very thoroughly carried out. 
There is a sump in the bottom of the crank- 
case, from which oil is taken by a small gear- 
wheel pump and delivered to each main bearing. 
Thence it passes through the crankshaft, w^hich 
is hollow, to the big-ends, from which it is 
thrown to the gudgeon pins and pistons, return- 
ing to the crankcase. 

Water circulation is maintained by a gear- 
wheel pump, which delivers to each pair of 
cylinders between the exhaust valves, leaving, 
as usual, at the highest points of the jackets. 
The carburetter is an extremely simple one and 
is specially designed to give the correct mixture 
at all speeds with a minimum of adjustment. A 
single lever operates the throttle and extra air 
inlet and also controls a needle valve in the jet. 
The induction piping, ain. in diameter, is simply 
taken in two branches of very fair curves to the 
induction passages cast in the cylinder heads. 
The inlet valve caps, we omitted to mention, 



are secured in pairs by four-armed dogs» aach 
held by a single nut. 

Ignition is by Simms high-tension niagneto*. 



no other system being fitted in duplicate. The 
weight of the complete motor, except only the 
exhaust piping, is 4cwt. 561b. 

Metallurgigue Marina Motor. 

Another engine of the same size and built for 
the same class now comes under notice — the 
Metallurgique. ITie makers of this motor were 
among" the first to give special attention to the 
problem of extracting the maximum power from 
the minimum bore, though the English 8-metre 
racing cruiser “ Sea Dog ” affords the first in- 
stance of one of these engines being installed in 
a boat, and their practice, therefore, deserves the 
closest attention, representing, as it does, the 
outcome of a long course of experimental work 
in which expense has scarcely been considered. 

For a bore of io6mm. — 4 3-T6in. — the stroke is 
enormous — 171mm., or 6|in.— and at i,30or,p,m. 
over 6oh.p. is obtained, which is probably the 
highest that has been got out of a marine motor 
of this size. It is remarkable that this power 
was developed with no more than 851b. com- 
pression, which, again the result of exhaustive 
experiment, has been found to give the best 
results in this particular motor. The valve dia- 
meter is 2|in. and the lift about fin., which, 
calculation shows, gives a speed of about 95ft. 
per second to the gases, and, finally, the cylin- 
ders are offset or desax6e to the extent of r|in. 

It remains to consider how so much power tS 
obtained, and on investigation it will be found 
that a number of details combine to produce the 
result stated. The extreme length of stroke is, 
of course, to a great extent responsible, but it 
has only been possible to make use of this to the 
best advantage by cutting down the weight of 
reciprocating parts to the Jast possible limit. A 
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Metallurgique piston and connecting rod has 
been inspected by us in reference to the matter 
of weight-saving; as we have already stated, 
the weight of piston and rod complete is but 
5Jlb. That sufficient strength can be obtained on 
this weight is little short of marvellous, and is 
only rendered possible by the use of steel of very 
great strength; indeed, we are informed that the 
tensile strength of the steel used for these con- 
necting rods is as great as 120 tons per square 
inch. 

The desax^e principle, it is claimed, is to a 
very great extent resjx)nsible for the high power 
of this engine, the theory being, apart from the 
lessening of side thrust on the cylinder walls, 
that the rapid movement of the piston at the 
beginning of the power stroke enables the ex- 
pansion of the gases to be more efficiently 
utilised. In this connection it must not be for- 
gotten that high piston speed at the beginning of 
the stroke will materially affect the relative speed 
of the valves. Cams cannot be made steep be- 


the exhaust valves over the inlets than is possible 
with the opposite arrangement on an otherwise 
identical engine. 

Engines of ** Woisehy-Siddeley,** 

We will now pass on to another type of engine. 
We have hitherto only considered examples be- 
longing to the international racing cruiser 
classes where a minimum weight limit has ten- 
dered the cutting of weights unnecessary. In the 
unrestricted classes, however, the problem is a 
different one, in that it resolves itself into the 
extraction of the greatest possible amount of 
power from the least possible weight. In prac- 
tice, however, the procedure in either case is the 
same as regards those points that have already 
been discussed ; in the latter case there is simply 
the additional problem of saving weight in the 
fixed as well as in the moving parts. Boring 
out will, of course, be resorted to wherever pos- 
sible, and there is little doubt that, for minimum 
weight, a V setting of the cylinders is best, as 



Fig, 6.—Tbornycroft motor. 


yond a certain limit, and so, to give the extra 
speed of lift, the camshaft is in this case offset 
Jin. from the valve tappets. It may not appear 
a very important point when first considered, 
but, nevertheless, it is one of those refinements 
that make all the difference to a racing engine. 
The valves, as in the motor last described, ate 
situated in a single pocket, one over the other, 
but— and here we believe the engine to be quite 
unique — the exhaust is over the inlet, not vice 
versa, as is the almost universal practice. The 
idea the designer had in mind when he adopted 
this arrangement was, we believe, to allow the 
exhaust gases to be driven out in one upward 
sweep, instead of it being necessary to force 
them round a sharp bend. Of course, it may 
be argued that the incoming charge has to make 
the same sharp bend, but then the volume of this 
gas is 'nuch smaller. At any rate, the test 
bench has proved that an extra 3h.p. or 4h.p. can 
be got out of a 410.^ four-cylinder engine with 


is found in the Antoinette engine and also on 
the engine of “ Di.\ie II.” 

Before, however, considering this latter en- 
gine, the motors of ” Wolseley-Siddeley ” may 
be described. They represent the acme of relia- 
bility and give less trouble from overheating— 
the bane of big engines — than any with which 
we have had to do. To gain this t'lid, as many 
as eight cylinders have been adopted for each 
engine, working on an eight-throw crankshaft 
and not on the V principle. The engines, in 
fact, have been primarily designed to keep run- 
ning, and accordingly we find that the compres- 
sion is not inordinately high, the valves being 
side by side in pockets. Weight has been cut 
wherever possible, and sheet-metal water jackets 
are employed, screwed on to the cylinder casting. 
Each engine develops just over 2ooh.p. at 
i,ooor.p.m., and we do not think it is any longer 
a breach of confidence to state that the bore is 
6Jin. and the stroke only slightly greater. 
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It is a beautifully clean and simple design and 
must appeal to every engineer. The great secret 
of the success of these motors lies in the cooling 
arrangements. Water-cooled valve caps are 
fitted, and the main jackets, besides being ex- 
tremely large, are most carefully designed, while 
the sparking plugs have been so placed that they 
get the maximum benefit of the jackets and are 
also in way of the cool, incoming gases. The 
crankcase is cooled to a great extent by the huge 
vent pipes, four being fitted along each side, 
and, in addition, the lubricating oil is cooled by 
being taken out of the case and carried through 
a longish length of exposed pipe before being 
delivered by the pump to the bearings. For this 
purpose from 61b. to i2lb. pressure is employed, 
and, as may be seen from the illustration, the 


may, therefore, "be considered i3ie same as that 
of one of the Wolscley-Siddeley motors just de- 
scribed, but, in spite of the greater bwe, the 
weight of the American engine must be very 
much less. 

The V setting would, of course, account for 
a great deal of this, and a further reduction is 
efifected by doing away with valve pockets and 
putting the valves in an inclined position in the 
cylinder heads. The tappet gear, too, is very 
light, consisting of rocker arms pivoted between 
each pair of valves. 'These rockers are actuated 
by tappets off a single camshaft running along 
the top of the crankcase between the cylinders. 
The exhaust valves are outside, the inlets inside, 
the latter being, therefore, actuated by a cam of 
undercut profile. Hence, there are only eight 



riff. 7.— One of “ Wolseley-Biddeley’s” engines. 


oil pipes are of such a size as to practically pre- 
clude any possibility of choking. The carburet- 
ter, it will be noted, is canted to compensate for 
the slope of the engines in the boat. We regret 
that we are unable to furnish any particulars of 
the valve setting. 

The Engine of ** Dixie 

This motor is an example of weight-cutting 
reduced to a fine art, but the engine, besides 
extreme lightness, has several out-of-the-way 
features. 'The bore and stroke are each y^in. — 
the stroke, we think, might with advantage 
have been greater — and there are eight cylinders 
set in a V. At 95or.p.m. about 27oh.p, is de- 
veloped, and at y^or.p.m., about the greatest 
Speed at which the motor can be depended upon 
to run for long periods without overheating, 
,2ooh.p. is obtained. The power of this motor 


cams for the whole i6 valves. The only weak- 
ness of the arrangement lies in the fact that the 
inlet valve of any one cylinder cannot be opened 
until the exhaust is closed. Indeed, since the 
tappet has to drop off the exhaust cam into the 
inlet recess, an appreciable interval must elapse 
between the closing of the first and the opening 
of the second. 

Naturally, in an engine of this size one looks 
for special cooling arrangements, but, as a 
matter of fact, nothing more than large and 
carefully-designed water jackets have been 
adopted. Auxiliary exhaust ports are provided 
at the bottom of the cylinder trunks, and by 
means of these, it is stated, 70 to 80 per cent, of 
the exhaust gases are discharged, thus avoiding 
any undue heating of the ordinary exhaust 
valves. It has been the experience of many eat- 
perimenters that these auxiliary ports interfere 
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seriously with the running of motors to which 
they are fitted, owing to a considerable quantity 
of exhaust gas being sucked back at the end of 
the induction stroke. This difficulty has, how- 
ever, been got over in the present instance by 
fitting mechanically-operated valves just outside 
these ports, so that they are only open when the 
piston is at the bottom of the exhaust stroke and 
closed at the bottom of the suction stroke. The 
valves are operated by an extra set of cams on 
the main camshaft. 

All cylinders are separately cast and are pro- 
vided on each side with sheet-metal jackets. 
The connecting rods of one set of cylinders have 
forked big-ends and work on the big-ends of 
the other set; in this connection it should be 
noted that both sets of rods are of the same 
weight, and so no balance weights are required. 
The upper half of the crankcase is of manganese 
bronze, as also is the flywheel, which is situated 
at the forward end of the motor, and, as will 
be seen from the illustration on a previous page, 
is of large diameter and light weight. 

The water circulation deserves special notice. 


Knowing tliat water in a com plicated '^arrange- 
ment of branch pipes does not always behave 
as it is expected to, the designers have avoided 
all possible trouble by fitting a separate plunger 
pump to each cylinder, driven at a quarter the 
engine speed. Water enters the cylinders at 
the base of the auxiliary exhaust valves and 
leaves at a point close to the inlet valves.*' A 
single carburetter supplies all the cylinders. It 
has, of course, been specially designed for the 
engine, but has no very unusual features, being 
of the ordinary float-feed single-jet type. There 
is a hand-adjusted auxiliary air valve and an 
adjustable needle valve for the petrol supply. 
Low-tension ignition is employed, and starting 
is effected by hand through a two-to-one Chain- 
reduction gear. 

The weak point of this engine undoubtedly lies 
in the cooling arrangements, and were it not for 
the auxiliary exhaust ports, it probably could not 
be kept running at all for more than 20 'minutes 
at a time. As it is, it is possible to keep going 
indefinitely at 75or.p.m., but if pressed above 
that limit pre-ignition sets in. 



Fig. 8.'-A "Wolseley-Siddeley” engine, valve side. 
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CONSTRUCTIONAL DETAILS OF INTERNAL 
COMBUSTION ENGINES. 


In dealing with this subject we have taken 
at random a make of petrol motor, and will 
describe some of the more important parts of 
the mechanism, using such description as a 
means of illustrating the practice in general, 
our object being to place such information before 
our readers as Will enable them to form a cor- 
rect opinion as to the merits of any particular 
piece of mechanism that they may be called upon 
to closely examine or criticise. 

It must always be remembered that there are 
gtrerally several methods of doing a certain 
job, and although without doubt one of these 
methods -all other things being equal— is the 
correct method, yet the alternatives will in all 
probability be inferior in such a slight degree 
that it would be quite wrong to say that they 
were not correct practice. We wish to be em- 
phatic in our warning on this point, for it is so 
often found that a man will condemn a system 
or article because it differs from something 
which he knows from experience gives excellent 
results. 

Again, we wish our readers to remember that 
two articles may be made from the same draw- 
ings, the same materials, and in the same man- 
ner, and yet one will be greatly superior to the 
other, not because it looks better or has more 
finish, but because the amount of error allowed 
in the manufacture is considerably less than in 
the other instance. This amount of error is 
just one of those things that cannot be located 
by a casual examination. 

It is often thought, in manufacturing such 
things as piston rings, crankshaft bearings, 
etc., that they are simply machined to jig and 
gauge, and will therefore be perfectly correct. 
Theoretically, this should be so, but unfortu- 
rfttiely in some operations the minimum error in 
machining is greater than the maximum allow- 
able in assembling for first-class work. 

In some foreign engines (not the French, 
however) the crankshaft and bearings are as- 
sembled direct from the machines, and, as a 
contrary example, we may say that in the crank- 
shaft illustrated in this example there is about 
two days’ expert work put in in accurately 
scraping the bearings to the shaft. Good 
machining will bring all parts into contact 
within, say, .oo2in., while good scraping will 
taring them within .oooiin. In the former case 
the bearings will only be touching in a few 
places, and consequently the actual pressure on 


these points will be so high that all lubricating 
efiect will be destroyed, and abrasion will take 
place, which will spread very rapidly, and after 
a few weeks of running the bearings will require 
letting together, while if they were pro^rly 
fitted they would last for years. 

Piston and Connecting^ Rod, 

Let us first consider the piston and connecting 
rod (Fig. i). It will be noticed that all super- 
fluous metal in the piston has been elim- 
inated, for the piston is reciprocating weight,' 
and consequently its inertia throws ^ a con- 
siderable amount of strain on the engine, and 
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increases the pressures on the bearing surfaces. 
The lower part of the piston walls, which have 
very little work to do, are extremely thin, and 
are machined on the inside, while the upper part 
is thickened sufficiently to allow the recesses to 
be turned for the rings, and its strength is pro- 
vided for by means of cross-webs, terminating 
in a point which collects and drips the oil down 
on to the gudgeon-pin bearing. 

It will be obvious that the whole of the pres- 
sure about the piston, which in this case amounts 
to a little over a ton, has to be transmitted from 
the piston-head to the connecting rod, and it will 
be seen that it is necessary to make ample pro- 
vision for this. Next to the strength comes the 
question of the proper fit of the piston. If the 
piston and cylinder were both at a constant 
temperature, this would be a very simple matter, 
for It would simply mean that the piston would 
be ground, say, .ooo5in. smaller than the cylin- 
der, and no rings would be required. But as 
the piston has to act as a guide and receive a 
considerable amount of side-thrusti and as the 
lower part of the piston is at a temperature 
somewhere about 200 degrees F., and the crown 
of the piston is nearer 800 degrees F., it will 
be seen that a considerable amount of attention 
has to be paid to the necessary reduction in 
diameter to compensate for the expansion. 

A common practice is to reduce the whole 
diameter equally, but the best method is to re- 
duce it either step by step between the rings 
or to taper from the gudgeon-pin upwards, 
leaving an extra amount of clearance at the 
very end. The amount of clearance seems to 
vary with every engine, so that a considerable 
amount of actual experiment is necessary in 
order that the piston when working full power 
may be practically parallel. 

Grinding- 

In the case in point the dimensions would 
probably be from —.005 to —.012. In all good 
shops the whole of the turnery for working 
parts is finished in the grinding lathe. The 
piston would be finished two or three thou- 
sandths larger than its largest dimension when 
complete, and, of course, the ring grooves should 
be accurately turned to fit a gauge. It would 
now be put in the grinding machine, which is 
» form of lathe, in which the work would re- 
i^olve between fixed centres at a speed of about 
400 revolutions. The tool consists of an emery 
wheel of very fine grade, about loin. in dia- 
meter, and revolving at some thousands of re- 
volutions. The wheel is fed up to the piston, 
and then rapidly passed backwards and for- 
wards over the work, or rather the work, which 
is held on a sliding table, is automatically re- 
ciprocated in the same manner as a planing 
machine table moves. A jet of water is directed 
oh the surface, and the result is that, as there 
is practically no pressure on the work, or any 
strains transmitted through same, a beautiful 
surface can be obtained, and so accurate and 


fine is the machine that a parallel cut can be 
taken along a piston, reducing it in diameter no 
more than .0001 in.— that is to say, one ten- 
thousandth part of an inch, or one-tenth the 
thickness of a cigarette paper. 

Piston Rings. 

Now we have the rings to deal with, and 
these are of very great importance. The rihgs 
should be turned slightly larger than the cylin- 
der, and the bore turned eccentrically, and they 
should be faced on their sides so as to accurately 
fit the grooves in the cylinder. They should 
then be split at the thinnest part. The next 
operation is to compress the rings, so that the 
slot is closed, clamp them in a jig, and then 
grind them to a dead fit in the cylinder. If, as 
is sometimes the case in cheap work, they are 
turned a little larger than the bore, then cut 
across and sprung into the cylinder, the results 
will not be so satisfactory, as the ring will not 
be circular in shape when it is in position. 
Perhaps the best form of ring is obtained by 
turning the ring to fit the cylinder, placing ft 
in a die, and hammering the inside edge. But 
this is a process that requires extremely skilled 
labour, and is not generally resorted to. These 
rings are known as the Davy-Robertson rings. 

The illustration (Fig. 1) will show that two 
rings are fitted to one groove. We believe that 
rings fitted in this way are more satisfactory, 
but undoubtedly the ring that makes the best 
joint is made as follows : — 

Two narrow, comparatively weak rings are 
taken and mounted over a strong ring, which 
forms a spring and presses them outwards, and 
the two rings are located or pegged on this 
spring, with the three joints equally divided 
around the circle. This ensures an excellent 
bearing surface, and prevents any leakage past 
the joints; but unfortunately this type of ring 
does not lend itself to motor work, as the spring 
cannot be sprung over the piston, and a Junk- 
plate has to be fitted. With regard to the fit 
of the rings sideways, this is most important. 
There should be no shake whatever, arid the 
rin^s should bear equally all round the groove, 
which is a point which is very often lost sight of 
in this C9nnection. 

In the illustration a ring is shown slotted into 
the gudgeon-pin and so holding it in place. 

IS an open question whether or no this be good 
policy, but, in high-speed engines especially, 
where everything has to be flooded with oil, a 
ring near the bottom of the piston trunk is very 
efficacious in preventing an excess of oil getting 
past the upper rings and fouling the top of the 
piston. 

The Connecting Rod. 

The connecting rod in this instance is a drop- 
steel forging, fitted with a phosphor-bronze bush 
at the small end, and the big end is machined 
and fitted with a brass. A gun-metal cap is then 
applied, and these brasses are lined with white 
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metal and machined. The machining opera- 
tions on both big and small ends are carried 
out on a jig, so that both pitch and alignment 
are correct. If your engine does not run 
sweetly, and the brasses of the connecting rod 
wear unevenly, or the connecting rod tends to 
float from side to side as you turn her round 
by hand, 3 ^ou will in all probability find that 
your connecting rod is out of alignment. 

In the illustration it will be noticed that only 
two bolts are utilised to hold the cap on the big 
end, one each side This arrangement is quite 
satisfactory on very small engines, but on larger 
ones two bolts are desirable, as prolonged use 
generally produces a tendency to crystallisation, 
so that the strength of the bolts is greatly im- 
paired. Especially is this noticeable where there 
is a good deal of vibration, and on some motor- 
buses, where vibration is of course at its worst, 
a good deal of trouble has been experienced with 
big end bolts after a year’s use. 

End Bearings. 

With regard to the bearings for both the large 
and small ends, some engineers favour white 
metal, while others prefer some form of bronze. 
Personally, we have a preference for bronze, 
especially where the bearing pressures are liable 
to be heavy, and in quick-running engines the 
inertia effect will sometimes produce a very high 
pressure per unit of surface. Undoubtedly the 
best practice for the small end is to provide a 
bronze bush that is forced in, but it is necessary 
that the hole in the small end should be in line, 
in order that when a new bush is inserted there 
should be no error in alignment. We again 
favour a round section connection rod made 
hollow, and provided with a bush at the small 
end and white metal bearings at the big end, 
the white metal being embedded in the steel, 
and not carried in a bronze shell. One of the 
merits possessed by the round section hollow 
connecting rod is that it is cheaply machined 
all over, and any defects there may be in the 
forging are thereby exposed. 

Qudgeon^pin. 

With regard to the gudgeon-pin, this should 
be of mild steel, case hardened, or nickel steel, 
case hardened. An important point with regard 
tV-4jie gudgeon-pin is the method of securing 
it against longitudinal motion. In this case we 
have one of the rings so arranged that it pre- 
vents any motion of the gudgeon-pin. ^ This 
practice is open to question, as some engineers 
claim that the functions of the rings are 
annulled, and, secondly, should the connect- 
ing rod seize on the gudgeon-pin it would, with- 
out a doubt, fracture the ring. On the other 
hand, a ring at the bottom of the piston is very 
useful where there is an oil feed to the cylinder 
wall. Without it a good deal of oil is liable to 
pass'the rings and cause fouling. 

One of the best methods in use is to provide 
a i:ircular peg, screwed at the bottom end, and 
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with a flat milled at an angle at ^ 
side of the peg which registetrs witfe 
a flat milled on the gudgeon-pio. A 
split-pin on the end of this peg will , 
prevent the nut coming off, and it is 
impossible for the peg to be with- 
drawn while the piston is in the 
cylinder. Set screws, with spot holce 
in the gudgeon-pin, and a spring 
washer or other locking device, 
providing the head of the set screw 
and not the point locks, are good 
practice, but on no account should 
an ordinary set screw, making con- 
tact at its point and devoid of any 
locking arrangement, be accepted. 

With regard to the locking of the 
big end bolts, the best practice is un- 
doubtedly to put on the lock-nut first 
(which, by the by, is the correct 
position for a lock-nuti, and then use 
a full-thickness castellated nut and 
split-pin. A single nut with a split- 
pin on the top as a locking device 
for any moving part is of very little 
utility, for should the nut become 
loose it will in all probability sheei 
the split-pin. In dealing generally 
with this question of locking nuts 
we may say that a castellated nut 
and split-pin can always be relied 
upon. 

The Camshaft 

Gas-engine camshafts are very 
substantial, and the cams are driven 
by means of a feather, and some- 
times a key, and when motors (we 
use the word in the conventional 
sense) were first introduced they 
were also provided with built-up 
camshafts, and the cams >ecured 
with feathers, keys, or cotter-pins, 
though we have seen examples 
where the cams were held on by 
means of grub-screws, with spots 
provided on the shaft. It was 
quickly found that this method was 
unsatisfactory, and the camshafts 
were made from the solid (Fig. 2 ), 
The correct method is to machine a 
shaft from a solid piece of steel, with 
collars left where the cams have to 
be. This blank is then put in a 
copying machine, and the cams are 
milled into form, the correct setting 
of the cams being obtained by a 
dividing plate, and it is very impor- 
tant that the work should be done m 
this way, as otherwise it is extreme- 
ly difficult to get a correctly-formed" 
cam. The camshaft is then turned 
a few thousandths over-size, case 
hardened, straightened, and then 
ground to its dimensions, and on no 
account should ol motor be accepted 
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that does not possess case-hardened cams. Of 
irourse, it ffoes without saying that the cam- 
shaft should he supported right up to the cams 
by suitable bearings. 

The next point is the gear wheels. They 
should be enclosed in the crank-case or a pro- 
perly constructed gear-case, and should be cut 
from bronze, if they have to run on a mild steel 
pinion on the crankshaft. On some engines, 
especially where silence is a great desideratum, 
fibre wheels are successfully employed. 

Crmaksbattu 

A crankshaft at one time was forged as near 
as possible to its shape, so as to minimise the 
amount of surplus metal to be removed. This 
was before the time of high-speed lathes and 
high-speed cutting tools, when the smith was 
a cheaper man than the machinist. Now we 
are afraid that the tendency is with a four-throw 
motor shaft to machine the shaft out of a very 
roughly-hewn billet of steel, and unfortunately 
this does not provide so go^ a job as a shaft 
that has been forged to shape, for in the latter 
case the fibres of the metal conform more nearly 
to the shape of the finished article. Then there 
comes the question of material. The catalogue 
generally describes it as the “ best steel for the 
purpose”; but then it is very hard to say what 
IS the best steel for the purpose, though perhaps 
a 3 per cent, nickel steel will be found the most 
satisfactory. This should give a tensile strength 
of about 50 tons to the square inch and an 
clastic limit of, say, 35 tons, and have good 
wearing qualities. 

Theoretically, cast steel should make an ex- 
cellent job, but unfortunately such a thing as 
a motor crankshaft cannot be turned out in cast 
steel and guaranteed to be a sound job. This 
material should be absolutely tabooed. Some 
fcreign manufacturers save money by using 
steel castings, and as toys no doubt such engines 
are satisfactory, but for serious work they snould 
not be considered under any pretext. 

It is very seldom that any error is found in 
the proportions of a crankshaft, but perhaps it 
would be as well for us to outline the rules 
governing this. First of all, it will be found 
that if a crankshaft is made sufficiently large 
to offer the correct amount of bearing surface 
it will be found in most cases to be of sufficient 
proportions to successfully transmit the strains 
It will be called upon to do. That is, of course, 
providing it is of the right proportions and of 
correct material. 

Pressure on Beartngs, 

The pressure per square inch of projected area 
of shau bearing or crank-pin should not exceed 
4O0lb. per scjuare inch, and the following for- 
mula will give the diameters necessary when 
the length of journal does not exceed 1.5 times 
the diameter 

d r= '06 D 


when d *= diameter of crankshaft 
D = diameter of cylinder 
P =: maximum pressure in lbs. in the 
cylinder per square inch absolute. 
However, when the length of journal is greater 
than 1.5, the following formula should be 
used : — 

d = 05 ^ PL D^ 

when L = length of journal. 

(Hyler White.) 

As regards the proportions of the cranks, a 
single crank or multi-throw crank, with bear- 
ings between each throw, taking the diameter 
of the shaft as ascertained by formula, it is best 
to make the webs o.8d in thickness, i.4d in 
width, and an excellent proportion for the crank- 
pin is 2d in length and i.2d in diameter. In a 
four-throw crank, if there is one middle bearing, 
the proportions can be increased by 10 or 15 per 
cent. 

Unfortunately, the available width will often 
not allow a long crank-pin bearing, so it is 
increased in diameter in order to obtain the 
necessary surface, and crank-pins can with ad- 
vantage be made hollow, for it reduces the. 
weight of the unbalanced parts. 

Practice* 

In the drawing (Fig. 3) it will be seen that'i 
small or auxiliary bearings have been inserte^i^ 
This is not the usual custom, but we cannot 
too highly commend it in all cases where 
space can be found for it. It will also 
be seen how the coupling flange is formed on the 
shaft, and how the spigot or clutch steady bear- 
ing is arranged and fitted with a bronze bush. 
These spigot bearings very often give a gteat 
deal of trouble, and it should be ascertained if 
adequate lubricating arrangements have b6^^“ 
provided. 

With regard to the machining of a crank- 
shaft, they are very seldom finished in the grind- 
ing machine. If you find that they are so pre-' 
pared, you may consider this as a good omen* 
It is not always a good sign when you see a tot. 
of emery paper finish on the crank-webs, lor 
there is no object in spending money in such a 
case in an enclosed engine, and such work may 
perhaps be done to detract your attention 
o.her very serious faults. 

The chief fault that is found in a cranksha’®’^ 
is that the crank pin is not parallel with, or 
in the same plane as the axis of the shaft, 
test this, put the crankshaft between the cefit^l 
or on V blocks, make a light dummy oonnec^jp 
rod, as long as convenient; this can con^stil^ 
a wooden V clamped lightly on to the cranfc^l 
pin. and a wooden rod projecting at right angles 
from same. Through the further end of "the 
rod can be passed a lead pencil, then when tfie 
crankshaft is rotated the lead pencil will trace a 
pattern on a piece of paper that will tell its own 
tale. This error will show itself in practically 
the same way as does that of the connecting rod. 
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Fig. 3. 

With regard to the crankshaft bearings; 
Fig. 3a shows how they are held on substantial 
girders^ and we have- already said sufficient 011 
mis matter to allow us to pass the subject 
by, simply calling attention to the strains that 
have to be provioM for, and the absolute neces- 
sity of having not only the crankshaft htted 
accurately to me brasses, but, further than this, 
the brasses themselves should be accurately fitted 
by the same means to the casting. We think 
one of the quickest and best ways to ascertain 
the quality of the workmanship contained in a 
motor is notice if the main casting has 
iieen scraped to receive the brasses. Take them 
'ddt, qlean them, and rub them well in position 
with a light smear of red lead, and you will soon 
see how they fit. 

- Ode word with regard to balance weights. 
Motorcar engines are very seldom fitted with 
■balance weights, as they increase the weight, 
.but they are very desirable in a marine engine, 
as they relieve the crankshaft of local strains 
'btjtween crank and crank, and in a four-crank 
Sfeur-stroke engine they greatly help the main 
IjjBarings, especially the centre bearing. 

The Cmnk^chmmber. 

With regard to the construction of the crank- 
chamber, in our illustration (Fig. 4) we have a 
imnk-chamber constructed on very sound prin- 
ciples ; albeit it does not fully illustrate all we de- 
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sire, as the suspension of the engine is not 
shown. If, however, the reader will imagine 
the flanges of the lower part of the crank-cham- 
ber extended so as to form bearers to support the 
weight of the machine, it will enable him to get 
a dearer grasp of the whole subject. 

As far as structural strains are concerned, we 
must for the moment ignore the lower part of 
the crank-chamber, which is simply a cover and 
a receptacle to hold the oil, and, as will be seen, 
it is fitted with a drain tube which is used to de- 
termine the maximum height of oil when filling 
the crank-chamber. The upper part of this 
crank-chamber is in the form of a box divided 
transversely by panels, which are fretted and 
form webs to support the main bearings, the 
camshaft bearings, and to provide a housing for 
the through bolts holding the lower crankshaft 
brasses. It will thus be seen that the strain, 
which is first relieved by the bottom brass, is 
carried to the top of this rigid box, where it is 
communicated to and reacts through the cylin- 
ders, and this system gives us rigidity with a 
minimum of weight. 

End Bearings and Gear Wheels. 

By referring to the end bearing (Fig, 4a), 
the manner in which the idle gear wheel 
is carried will be seen. A bronze bush is 
let into a boss, and through this is passed 
a pin turned to three diameters, which is 
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ycrewed up against the first' shoulder, the 
Hejeohd shoulder serving to prevent the wheel 
Jrom coming off. We refer to this point as it 
IS' In things like these where troubles arise. We 
know of a certain form of reversing gear where 
idle wheels are carried, not on securely fitted 
pins like this, but the pins are screwed into the 
casting and are held by a lock nut outside. The 
tonsequence is that if the wheel binds on the 
pin it tends to unscrew the same from the cast- 
ing. On the other hand. We remember a pin, 
exactly similar to this, holding a camshaft idle 
,, wheel, coming loose during a race. It was 
noticed by accident, and the nut was promptly 
tightened up, which would have been impossible 
in the former instance. The figure unfortunately 
does not show it very clearly, but there is an 
arrangement for catching any oil carried out- 
board by the crankshaft, and returning it back 
to the crank-chamber; and we must again im- 
press upon our readers the desirability of choos- 
ing a motor in which precautions of this nature 
have been taken. You do not want, neither 
can you afford, to deposit large quantities of 
costly lubricating oil in your vessel’s bilge. 
Fuel is considered, but oil too often neglected. 

Valve Lifter and Guide. 

A very important little piece of mechanism is 
the vawe lifter and guide, or jumper as it is 
son)etimes termed, its functions being to convert 
the rotary motion of the cam to reciprocating 
motion. In the example (Fig. 5) it will be seen 
that a Hanged sleeve or gland is provided, which 
is bolted to the crank-chamber, and which con- 
tains a turned rod forked at one end. The 
forked end carries a roller, which rests on the 
cam, and it will be seen that the side thrust 
occasioned by the movement of the cam is taken 
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up by the guide forks. We tliiitffc that there is 
scarcely enough guide provided in this instance. 
It would be better if the outside periphery of the 
fork were of greater diameter than the roller. 
The fork can then be entirely enclosed in the 
guide, the roller pin being made to project and to 
run in a groove milled in the guide, which pre- 
vents the fork turning. With this construction 
there are very few things that can happen that' 
will put the motor out of action. There is, how- 
ever, one exception, and it is one which should 
be taken seriously to heart. If sea water gets 
between the valve lifter and its sleeve, it will 
rust the former and prevent the valve from clos- 
ing. Therefore, the ideal construction is to en- 
close the whole of the valve-lifting mechanism 
so that it is lubricated and protected from 
damp. With regard to material, the roller and 
pin must, of course, be case-hardened and 
ground ; the lifter need not of necessity be case- 
hardened, although the end should, correctly 
speaking, be hardened to prevent it burring over, 
and so varying the lift of the valve. 

Exhaust Valve and Guide. 

The valve itself, together with its seat, hoi 
mgj and guide is of great importance. It woi 
obviously be better if the exhaust valve sent 
could be made separately, but in the type of 
construction shown it is not very convenient to 
arrange a separate housing for the exhaust 
valve, although it can be readily done, as we will 
show for the inlet. The disadvantage of having 
the valve seated in the main casting, as shown, 
is that should the seat become worn or damaged 
it necessitates a new cylinder, and, further, after 
some years of work and a considerable amount 
of grinding, a standard valve will be too low, so 
the timing will be out, or perhaps even the valve 
will not seat itself, and, of course, any grinding 
in that has to be done must be carried out with 
the valve in position. 

In the example shown (Fig. 6) good prac- 
tice has been employed, although many engine 
makers contend that a separate guide is not cor- 
rect. We, however, do not take this view, especi- 
ally in marine engines, one point being that the 
guide can be made of bronze, which will pre- 
vent the valve stem from rusting up tight to a 
certain extent. It will be noticed that this guide 
IS turned to fit to the hole that is bored tv re- 
secured by a lock nut. The 
method of machining in such a case as this 
would be to bore this hole first, and rough th« * 
valve seat and bore, which latter would be 
finished by a cutter rotated in a jig taking the 
place of the valve guide. 

It will be noted that there is some attempt to 
cool this guide by means of the water jacket, 
which latter we consider could have been ex- 
tended with advantage, but it must be borne 
in mind that this water jacketing should be 
equal all round the guide, or it will cause un- 
equal expansion, and the valve will not seat 
properly. 
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Timing mnd Valv^ Ports, 

.With regard to the timing of valves in a 
high-speed motor, it is necessary to give tho 
valve a little lead, and if we have an engine 
with, say, a piston speed of 8ooft., the exhaust 
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valve should open when the piston has com- 
pleted 90 per cent, of its travel, and should close 
again a few degrees over the top centre, or say 
2 \ per cent, of its travel downwards, for it is 
obvious that during the last portion of the 
stroke very little work is obtained from the 
gases, and it allows the exhaust products to 
get away quickly and prevents back pressure. 

Again, at the termination of the exhaust 
stroke, the exhaust gases will still be escaping, 
and their inertia will tend to further scavenge 
the cylinder, and allow of a quicker opening of 
an automatic valve, and even a scavenging effect 
with a mechanically-operated valve, providing 
this latter is on the opposite side of the cylin- 
der. With a T-headed cylinder this phenome- 
non can be made to act with considerable ad- 
vantage. 

It is necessary that the passages and ports be 
made in easy curves to destroy the detrimental 
eddying effect as much as possible, and apropos 
of tkis wc may point out that the example 
shown (Fig. 6) exhibits a weakness, insomuch 
as the valve head should be below the level of 
the outgoing gases, or these gases will directly 
impinge on the cylinder side of the valve and 
tend to pit it at that point. There should also 
be ample space round the back of the valve 
seat. 

Inlet Valve, 

We will now refer to a mechanically-operated 
inlet valve (Fig. 7), which may be considered as 
of exceptionally good design. It is self-contained 
in its own case, and the spring is held by a deep 
nut. and the split pin passes through a deep 


slot, thus preventing any poswbUily of vertol’*: 
sheering strain acting on the split pin. ^!i 3 |fov 
spring is sensitive and rapid, and is compOTttif, 
lively cheap to make, and it will be noticed 
the stem is diminished above the thread, the. 
object of which, though perhaps not apparent; 
is to relieve the weak part of the stem— that 
part of the thread which is just above the nut— 
from the tendency to elongate owing to thd^- 
inertia of the valve. As it is, the stretching 
takes place in this weakened part, and, as there 
are no sharp indentations or angles, it stretches 
slightly without fractures. 

The head of the valve is of a strong section, 
and yet is lightened as far as possible, and the 
corners round which the gases pass are rounded 
to destroy eddies to a great extent. It will be ' 
noted that the seats are flat and narrow, and 
probably for inlet valves, which are compara- 
tively cool, better results can be obtained with 
this type of seat, though the common practice is 
to make both inlet and exhaust valves exactly 
alike, one reason being that the valves are then 
interchangeable. This, however, is another con. 
troversial subject, some authorities saying that 
a broad seat is necessary to prevent wear (we 
are referring to valve seats which are at an 
angle of 45 degrees), while, on the other hand, 
we can point to examples of engines with valves 
4in. in diameter with seats only i-i6in. wide, 
which run year after year. 

With regard to the material tor valves, the 
seats, if separate, as per this illustration, should 
be made of close-grained cast iron— pot or cru- 
cible iron for preference— while the valves them- 
selves should be made of nickel steel, either the 
two or three per cent, varieties, or a special 
brand of nickel steel containing a large quan- 
tity of nickel (about 20 per cent.). This latter 
material is more free from the tendency to blis- 
ter or corrode, and, ot course, the valve stem, 
spigot, and flange of the valve case should be 
ground to fit. 
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The Lift of Vmivea. 

It will be noticed that the lift of this valve 
,is only about Jin., the inside diameter being 3in., 
thus giving a little over two square inches of 
area, while the total area of the valve, discount- 
ing the webs, would be about six square inches. 
The object of making the valve so large for this 
actual area is to shorten the lift, which gives 
us two aims, each acting in an opposite man- 
ner, the result being that a compromise has to 
be arrived at. First of all, we do not want to 
allow the gases passing through the valve to at- 
'taiil a velocity greater than looft. per second 
for the inlet, and Soft, per second for the ex- 
haust, and, in order to quickly ascertain what 
the correct valve area is, the formula 
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"6000 

win be found suitable. 

When S = piston speed in feet per minute. 

A = area of the cylinder in square inches. 
We give this speed of looft. per second as a 
good average, though, of course, if it can be 
made lower than this, it is an advantage. 

Again referring to our example, it will be 
seen that if the lift is doubled the velocity will 
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decreased, 
an engine n 
minute, it will 

of the valve littlSUifiSafle, 

this does not apply so iiiMch In this* case ’ 
does in a valve that is autofnatically op«n 
the latter case we have and weight i 
to retard the time of opening or closing, 
the strength of the spring tending to accetriNtp 
it, and again vve have to find the happy medium. 

The time taken by a valve in dosing may be 
calculated by the following formula;— , 



S = 00721 \/ 
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(Hyler White.) 

When S = time in seconds. 

L = lih of valve in inches. 

W = weight of valve. 

M = average pressure exerted by the 
spring. 

By these means any valve can easily be cheejeed 
both for area and time of opening, and we think 
that if some of our readers interested in engines 
lifted with the so-called generator valves will 
make a few simple calculations, they wdll be 
surprised at the results. 
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CARBURETTERS AND VAPORISERS 


- Carburetter may be described as device for 
supplying’ an explosive mixture of ^as to the 
, engine, and it may bo conveniently considered 
' as consisting of two parts, the first for getting 
'■ the fuel into a state in which it wilj form a 
homogeneous mixture with air *, that is <d say, in 
a very finely divided or vaporous ccindition; 
while the second part is designed to c^rry out 
this mixing process. 

J Early types were suitable for petrol only, 
and the fuel was got into the form of vapour 
' by providing a very large surface for vaporisa- 
tion, either by allowing air to bubble through the 
petrol or by passing air over a wick or sponge 
soaked in the fuel. These two types were 
known as surface and wick carburetters re- 
gpectively, but both have been abandoned in 
favour of the more reliable “ spray ” system. 
The reasons for this do not concern us, but in 
any case, the surface type is obvipusly unsuit- 
able for marine work, owing to tie movement 
of a boat, which would throw tfie fuel about 
/ and produce a gas of ever varying/ strength. 

In the spray carburetter, the fuel is first 
atomised, not by evaporation, but by the 
mechanical effect of drawing it through a fine 
jet under the suction of the engine. Once finely 
divided in this way, the fuel is vaporised by 
contact with a fast-travelling current of air pass- 
ing the jet, and that it is truly vaporised, not 
merely divided into small particles of liquid, is 
proved by the carburetter getting cold, owing 
to heat being abstracted by the fuel from its 
surroundings and disappearing in the form of 
latent heat of vaporisation without producing 
any rise of temperature in the fuel. 

The spray type of carburetter has three sepa- 
rate parts; first, an arrangement to enfure a 
constant supply of fuel ; secondly, a spray jet as 
already described; and thirdly, a mixing cham- 
ber, W'hich will be dealt with later. 

The first part takes the form of a cork or 
hollow metal float and a couple of levers, which, 
being actuated by the float as the level of the 
fuel rises, close the fuel supply pipe by means of 
a needle valve as soon as the liquid reaches a 
certain level, which is by far the commonest 
form of fuel regulator. 

In the third part of a carburetter, the mixing 
Chamber, the vapour just formed is mixed with 
pure ail* entering from a separate inlet, whence 
the mixture goes by way of the induction pipe 
system to the C37linders. In old type carburet- 
ters, the extra air inlet was hand-controlled, so 


that ^^hcncver the amount of gas required liy * 
the engine was varied, the air inlet had to be 
varied at the same time, but in the majority of"' 
cases carburetters are provided with an auto- 
matically adjusted air inlet, operated cither by 
the suction of the engine, the exhaust pressure 
which, of course, increases as the volume of gas 
driven out inireases, or in one case by fhe 
pressure of water in the circulating system, or,' 
commonest of all, the throttle is interconnected 
with a port over the air inlet, and both are 
operated togellier. 

The importance of getting a correct mixture 
can scarcely be over-estimated; if there is an 
excess of fuel over air, the excess will be decom- 
posed by the heat of the explosion, and the 
carbon formed will quickly soot up valves and 
sparking plugs, while if the mixture is too weak, 
that is to say, if there is more air present than 
is required for complete combustion, the explo- 
sions will be feeble, simply because the excess 
air is taking up valuable space, and does not 
leave enough room for a sufficient quantity of 
fuel to enter to produce a powerful explosion, 
while, in addition to this, there is considerable 
difficulty in igniting a charge if it be at all 
weak. For this reason, starting up is simpli- 
tied by using rather too rich a mixture, and 
hence the practice of “ tickling up the car- 
buretter to cause an excess of fuel to overflow 
into the mixing chamber. 

If the same quantity of air were always re- 
quired to give complete combustion of a given 
quantity of fuel, the problems of efficient car- 
buration would be very much simplified, but, 
unfortunately, the volume of air required varies 
considerably with the temperature and with 
hygroscopic conditions. Hot, dry air mixes far 
more readily with petrol than does damp or cold 
air, and to compensate for the extra amount of 
fuel taken up on a hot day, the air inlet must be 
wider open than on a cold, damp day. For 
this reason an extra hand adjustment, which 
can be varied according to atmospheric condi- 
tions, is fitted. There are no essential dif- 
ferences between carburetters for land and 
marine use, and the various patterns are gen- 
erally used indiscriminately for either class of 
work, though in theory the construction of the 
float chamber should be modified to an annular 
form with the spray in the centre, otherwise 
the rolling and pitching of a vessel will disturb " 
the level of the fuel in the float chamber rela- 
tively to the jet ; annular float chambers ha»>^ in ‘ 
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some cases been used, and in other rtialces the 
4>rdinary type has been duplicated* chambers 
bein^ put both for© and aft of the jet, but in 
practice this is not found to be really essential, 
and perfectly satisfactory results are obtained 
from an ordinary car type of carburetter. 

To describe all the patterns of spray car- 
buretters is quite -beyond the scope of this book, 
but the following examples are typical of 
in<^rn practice, and they explain clearly^ the 
methods by which the principles just enunciated 
can be carried out. Before dealing with these, 
it may be as well to clear up one point about 
which a good deal of confusion seems to exist, 
even among experienced motor men. Many 
people talk of the fuel being carburetted by the 
air, but the expression is quite wrong, and it 
is really the air that is carburetted by the fuel, 
the word implying that the air is impregnated 
with the hydrocarbon. 

Nmpier Carburetter for I20b,p. Engine, 

One of the chief dilTiculties to be contended 
with in carburetter design is to obtain a per- 
fectly correct mixture at all sj^eeds. It is not 
too much to say that the whole behaviour of 
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an engine, friom its ease of starting to its power- 
developing pjroperties at utmost speed, is pri- 
marily depeiJident upon the carburetter. Many 
an old eng, me w'e have known that ordinarily 
bellowed rq>und at one speed only, any attempt at 
slowing cjlown resulting in nerve-shattering 
bangs, frediuently culminating in a fire-back that 
effectually j deterred anyone from further efforts* 
towards sljow running. In such cases ** the en- 
gine as » whole was only too frequently con- 
demned, ibut of later years it has been 
recognises that the remedy is to be found in 
the carbi/retter, and an all-round improvement 
in desigrt has resulted in the virtual elimination 
of the trouble. 

Of thjb very latest developments in this direc- 
tion the new Napier carburetter fitted to the 
largest (Napier engines of i2oh.p. aftords one of 
the moilt striking examples. From a personal 
trial we can testify to this carburetter giving a 
range or> speed from 150 to i,8oor.p.m. without 
any adjustment beyond a movement of the 
throttle le/ver, all other variations of control being 
automat!^ The carburetter is, in fact, efficient 
and at theXsame time foolproof, two conflicting 
dualities that are by no means easily 
combined. 

And how is this result obtained? 
Briefly, by means of a variable jet, the 
shaping of the air inlet port so that 
exactly the right opening is given for 
every position of the throttle, and the 
automatic adjustment of the extra air 
inlet to suit the engine speed. The 
variable jet and the main air inlet 
control gears are connected with the 
throttle lever, and are thus automati- 
cally controlled thereby, while the 
extra air inlet is regulated by a 
hydraulic throttle arranged as a by- 
pass of the main water circulation, so 
that the controlling force, or water 
pressure, varies with the engine speed. 

As may be seen from Fig. i, there 
are two outlets on the top of the jet, 
the first a small hole (A) known as the 
“ pilot ” jet, the other a crescent- 
shaped slit (B). Fitting over the jet is 
a cap (C), provided also with a cres- 
cent-shaped aperture (D), and h^d in 
place by a light spring (E). This cap 
is connected mechanically to the 
throttle, so that when the latter" is 
closed only the pilot jet is open. As 
the throttle is opened the main jet (B) 
is gradually uncovered by the rotation 
of the cap, so that more petrol is sup- 
plied as the engine is opened up and 
very economicai running is obtained, 
especially at low speed. An additional 
advantage is that the engine does not 
flood when the throttle is suddenly 
closed, a very common fault in large 
motors. 
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Simultaneously with the opening of the 
throttle and the exposure of the jet aperture air 
is automatically admitted, first from the main 
air inlet, the ports of which are cut, as already 
indicated, to the correct shape; and secondly 
from the auxiliary air inlet under hydraulic 
control. 

The arrangement of this latter is clearly 
shown. F is a sleeve carrying the plunger (G), 
which latter is controlled by the spring (H), and 
opens or closes the air ports (K) — there are three 
of them— as it moves inside the sleeve. The 
necessary movement is imparted to the plunger 
by the diaphragm of the hydraulic throttle, and 
as the pressure available will evidently vary with 
the size and type of pump employed, the spring 
(H) is set to give the correct result. 

An idea of the carburetter as a whole may be 
gained from the illustration, Fig. 2. Here L is a 
petrol strainer attached to the float chamber 
(M), which presents no unusual features. N is 
the mixing chamber, O the main air inlet, and 
P the connecHon to the engine. R is the 
hydraulic throttle gear just described, and, 
finally, S S are the connections for the water 
jacket of the mixing chamber. Though rather 
diftlcult to describe, the carburettor is in n'ality 
extremely simple and accessible, a couple of 
minutes sufficing to lay bare the whole of its 
interior economy. 

The Brooke Carburetter, 

We now come to another carburetter — the 
Brooke— that gives remarkably good results, 




The latest Krehbs pattern. 


and which, like the Napier, is provided with a 
variable jet designed to give a supply of petrol 
exactly suited to the requirements of the engine 
at all speeds. It differs from the last example, 
however, in that the jet is controlled by the suc- 
tion of the engine, not by the mechanical action 
of opening and shutting the throttle. Referring 
to the illustration, K is an ordinary float cham- 
ber, H the mixing chamber, and C the induction 
pipe connection, while the throttle (D) takes 
flic form of a mushroom valve. The orifice of 
the jet (13) is very large— see right-hand bottom 
corner of the illustration— but is partially closed 
by the needle (A), the end of which is ta{>ered 
to a certain curve carefully calculated to give 
the correct orifice for all speeds of the engine. 
Attached to the needle (.A) is an air valve (F), 
communicating with the main air intake (E|. 
Now, it is evident that as the throttle (D) is 
opened the suction on F increases, and ac- 
cordingly this disc lifts, taking the needle valve 
(A) with it, so admitting more air, and at the 
same time more i>etrol in correct projwrtion. It 
is easy to sec that the operations of this air valve 
and jet regulator would be very irregular were ^ 
not some means provided for damping out sud- 
den movement, and for this purpose an oil da^si^- 
pot (G) is provid<‘tl. Even with this fitting it is 
open to question if the carburetter would prove 
satisfactory on a single or two-cylinder engine ; 
probably it would not work well, and it is worthy 
of note that Messrs. J. W. Brooke and Co. Tbave . 
referred to it as a “ carburetter for 25h.p„ six- 
cylinder Brooke motor.” With the steaay sue- , 
tlon of six cylinders, combined with the action 
of the dashpot, there would be no irregularity 
of movement of the valve (F), and it is ea^ to 
understand that very good^results are obtained. 


Brooke carburetter. 
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We know from experience that the carburetter 
gives a maximum of flexibility and an extremely 
rapid acceleralion. Finally, it should be noted 
that the jet is much higher above the level 
of petrol in the float chamber than is usually 
the case. 

Modification of a Pioneer Type, 

One of the first of the automatic carburetters 
placed before the public was the Krebbs, a make 
that has since found its place on Panhard en- 
gines. It has always been noticeable by the 
annular rubber ring controlling the extra air 
valve, but while this feature is retained there is 
an added hydraulic control on the latest model. 
In the illustration A is the jet (supplied by an 
ordinary float feed, not shown), B is the main 
air intake, and a piston throttle (C) provides 
communication with the induction pipe (D). 
Now, as this throttle is opened, it is clear that 
the vacuum in the mixing chamljer (E) is in- 
creased, and consequently the diaphragm (F) 
held by the rubber mitten (G), and controlled by 
the spring (H), is drawn down, thus opening the 
extra air valve (K). There is only a small air 
hole in the cap ov^r the mitten ((}), so that 
the necessary dashpot effect is produced. The 
latest Krebbs model has been modified to the 
form shown in the illustration, but the principle 
just set out is to be found on all models of this 
make. W'e come now to the latest improve- 
ment, the hydraulic control, which is really no- 
thing more or less than a governor, and which, 
on a car, would be controlled by an accelerator. 

The arrangement consists of a mitten (L) of 
the same pattern as that attached to the extra 
air valve, but, instead of the space above it 
being a dashpot, it is in communication with a 
by-pass from the water circulation. Hence, as 
the speed of the engine increases, and conse- 
quently the pressure of the water, the rod (M) 
to which this mitten it attached is forced down- 


wards, and through the cranks shown it operates 
the piston throttle (C), thus throttling down the 
engine. The movement of M is controlled by a 
spring (P), and the tension of the latter will, 
of course, determine the speed at which the 
automatic throttle or governor comes into 
action. To regulate the speed at which this 
occurs there is the spring (R) attached to the, 
rod (M) at its upper end. The lower end of 
this spring is attached to a wire (N), and by 
pulling this it is obvious that M can be pulled 
down, thus nullifying the action of the spring 
(P) and shutting down the engine. For run- 
ning at full spe^ R would be released, but to 
prevent racing in a heavy sea, or when the 
clutch is being taken out for coming alongside, 
it would be brought into action. Such a gover- 
nor should be very quick-acting and a very use- 
ful fitting on certain types of boat. 

The Lottgaemare Carburetter, 

Probably the most widely used of any car- 
buretter on the market is the Longuemare, 
and a description of two of the most common 
patterns will therefore be of very general in- 
terest, representing, respectively, hand-regu- 
lated and automatic types. We will deal with 
the hand-regulated pattern first. It consists of 
the usual float arrangement, with an easily- 
aceessible strainer under the needle valve. The 
petrol flows from this chamber, the space (M) 
beneath the jet (L), the orifice of which takes 
the form of a number of jets in place of a single 
one. The arrangement certainly has the ad- 
vantage that, to vary the si/e of the jet as a 
whole, one or more of the channels may be 
closed wdth solder, or extra ones can very 
easily be rut. Also, should one hole become 
choked, the others will still pass the fuel. On 
the other hand, this characteristic has its dis- 
advantage in that the jet may become partially 
choked, and cause a considerable loss of power 
without the engineer being aware of 
the fact (unless he be a really first- 
rate man). Air enters by the inlet 
(X), and passes, by way of the annu- 
lar space (K), through the choke 
tube (N) and past the jet. The 
space, it will be noticed, is very 
small, and, consequently, the ve- 
locity of the air very high, which 
enables it to take up the fuel as it 
is sprayed through the jet. No pro- 
vision is made for a hot air intake, 
the mixing chamber being water- 
jacketed (V) by a by-pass from the 
engine, 'fhe mixture just formed 
passes to the mixing chamber (R), 
taking up extra air from the annu- 
lar space (O), whence the gas passes 
by way of the butterfly throttle (T) 
to the engine. v 

The extra air ports will be noticed 
on the right of the illustration. The 
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consists of a cylindrical case, with 
open sectors (P, P). Inside this is a sliding 
sleeve (Q), actuated by the arm (H), and having 
ports cut to the shape indicated by the dotted 
fines* It will be clear from the illustration that, 
as H is moved from left to right, the V-shaped 
phtt of the ports is first opened, admitting a 
little jair; a continuation of the motion opens 
the *•* V ” to the full extent, and afterwards the 
full width of the port comes into play. That 
is to say, the first part of the motion of H only 
admits a little air, aflerward^^ a small motion 
produces a much larger increase in the oi>ening 
of the port. 

Now the throttle ('!') is actuated by the rod 
(B), and the collar (F) will obviously open the 
extra air valve to a small extent as the throttle 
is opened, while the spring (C) closes the extra 
air valve as the throttle is closed. To that 
extent the carburetter is automatic, and can be 
adjusted by the screw (E) on the throttle lever; 
but the amount of air thus supplied is the 
minimum that can ever be required, and, for 
normal conditions, it is necessary to open the 
air valve agaiOvSt the tension of the spring (C) 
by means of control gear attached to H. This 
control is eflected entirely by hand, and hence it 
may be said that the carburetter is of the hand- 
control type, 

Lottguemarc Automatic Carburetter, 

The pattern illustrated, known as Model 
“ Y,” is intended for small-power engines, and 
will probably be familiar to a very great many 
readers. The float chamber, etc. , does not differ 
materially from the previous type. Then there 
is the same multiple spray jet (L), the air inlet 
(X), the choke tul^ (N), and the mixing cham- 
ber (R) ; further, wc have extra air ports (P). 
But the throttle takes the form of a cone (to give 
the same area as the bore of the mixing cham- 
ber), and is so arranged that, as it is opened 
and closed, the openings of X and P are also 
adjusted. Reference to the illustration will 
make the matter clear. 

The body of the carburetter (O) is joined at 
the top to a conical diaphragm, for reasons 
already stated, this diaphragm being provided 
with openings (V) in the form of sectors. At 
the bottom of the body are the extra air inlet 
portSi(P), and the main air intakes (X). Inside 
the body is the cylindrical sleeve (T), which can 
be given a rotary movement by means of the 
handle (S). This sleeve carries at the top a 
diaphragm (U), which has three openings in 
the form of sectors registering with the throttle 
ports (V). At the lower end of the sleeve are 
three holes (P), registering with the extra air 
inlet ports (P), while the bottom of the sleeve 
is provided with three curved, tapered slots (X^) 
registering with the main air intakes (X). The 
ports (Q) serve merely as a means of communi- 
cation between P and the mixing chamber, and 
need not be further considered. 

The arrangement of the ports (P, P^ and X, 
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X^) can be clearly seen from the plan. Suppose 
the throttle to be wide open, that is to say, let S 
be moved as far as |X)ssible in a clockwise direc- 
tion, the ports (V and U) then coincide, giving 
the full throttle opening, the slots (X^) are 
moved so as to have their widest parts over the 
air ports (X), and the ports (P) are also un- 
covered to their fullest extent by the openings 
(Pi), thus giving the maximum amount of 
extra air. 

Now, as the throttle is closed, the opening of 
V is diminished, and, at the same time, the 
suction on the jet is diminished by the partial 
closing of the ports (X) by the narrower parts 
of the ports (X^), and, simultaneously, the extra 
air ports (P) are partinlly closed by the openings 
(P*). Tills carburetter is, therefore, perfectly, 
automatic in its action, the movement of the 
throttle lever making all needful adjustments. 

Carburetter tor a 300b,p, Engine, 

• A special carburetter designed for the 306h.p. 
engine out of “ Brooke I.,’^ the old racing boat, 
is of considerable interest. It was designed 
during the early part of 1908 by Messrs. White 
and Poppe, whose standard carburetter has for 
some time past been remarkable for the extresae 
flexibility it has been possible to obtain with it. 
This special model, however, embodies several 
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improvements in detail which, we understand, while the clamping screws (C) were slacked 
will become standard in the 1909 type of car- off and the sleeve shifted to partially close the 
buretter. As in a previously-mentioned car- air port. The engine should be running all out 
buretter, the mixture is regulated entirely by at the time, and the sleeve would be to 

variation of the jet, without any provision for give the best result, being then clamped once 
an extra air valve. more. It must, of course, be understood that 

The body of the carburetter (A) is cylindrical, the air ports and petrol jet oj^nings have to be 
with openings diametrically opposite each other very carefully calculated to give the correct re- 
fer the air intake and induction pipe connec- suit at all speeds. That is a matter for the de- 
tions respectively. Inside the body is a sleeve signer, and on it the whole success of the car- 
(B), which has ports to correspond with those buretter depends. 

just mentioned, and which can be moved round Before leaving this example, the float cham- 
inside the body for adjustment purposes, being her should be noticed. It is of the ordinaij 
clamped by the screws (C) in any desired posi- type, but of more refined construction than is 
tion. Inside this sleeve is the throttle (D). A usually to be found. Inhere is an adjustment 
spindle, part of D, is brought up through the for the length of the needle, thus altering the 



W. P. carburetter for a SOOh.p. motor. 


cover of the sleeve (B), and to this is attached level of petrol in the float chamber to whatever 
the throttle, so that, by rotating this, the experience shows to be best; also the tumblers 
throttle is opened or closed. on fop of the float are provided with roller 

We now come to the method of varying the weights, and also have rollers to act on the 
jet. The jet proper (K) has its hole bored eccen- collar of the needle valve, the idea being to re- 
trically, and over this fits a cap (F), with a duce friction to the low'est possible limit, 
slot corresponding with the jet. This cap is 

attached to the bottom of the throttle, and the Paraffin Carburettera and Vaporiser^ 
spring (G), holding the latter down, keeps the TTie above examples afford a verv fair idea 
pip tight on the top of the jet. As the throttle of the latest developments of carburetter design, 
is rotated, varying the opening of the air port, but they have all been intended primarily for 
the cap over the jet also rotates, and varies the use w ith petrol, though many of them could be 
size of the jet at the same time, thus giving used for para Ifin, with certain modifications. But 
always the correct mixture. Naturally the jet w^e now come to the regular paraffin carburet- 
and air valves cannot be permanently set from ters or vaporisers, designed expressly for the 

the time of making the carburpter to give heavier fuel. In dealing with these it must be 

always the correct result, and it is to allow of remembered that the list, as with the petrol car- 
adjustment that the sleeve (B) is provided, buretters, is representative not exhaustive; fur- 
Suppose, for example, that the sleeve be set to ther, the types considered are only such as may 

give the full opening of the air port, and that be looked upon as fittings to engines, as opposed 

the engine is found to be getting too weak a to such arrangements as are met with on special 
mixture, the throttle would be held full open paraffin engines, the Gardner for example, 
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where the vaporiser is an integral part of the 
ihotor; these have already been dealt with in an 
earlier section, 

A good deal of mystery usiually surrounds 
paraffin vafjorisers in the mind of the average 
man, but aa a matter of fact there is nothing in 
their conSti'uction that cannot be easily under- 
stood. Paraffin is more difficult to atomise or 
vaporise than petrol, consequently, besides sorpe 
form of spraying arrangement, paraffin vapo- 
risers have additional means of getting the fuel 
into a sufficiently finely divided state. The heat 
of the exhaust gases is utilised to this end, with 
various modifications, and it is in the means of 
applying this heat that designs chiefly differ. 
The necessity of applying heat at starting is one 
of the great drawbacks to the use of paraffin 
to-day. Some vaporisers are heated in the first 
place by a lamp, others are given a preliminary 
dose of petrol on which the engine runs suffi- 
ciently long to heat the vaporiser, but we have 
yet to see the ideal carburetter that makes it 
possible to start up at a moment’s notice from 
cold on paraffin as easily as can be done with 
petrol. When that consummation is reached, 
paraffin, as a fuel, will make an advance in 
popular favour for pleasure purposes as it has 
already done for commercial work. 

Wolneley Vaporiser, 

First may be noticed last year’® pattern Wolse- 
ley vaimriser, which, if our memory serves, first 
made its appearance in its present form at the 
Olympia Show of 1908. At the top of a long 
vertical tube is the main air intake (.A), a cap 
fitting over the ports affording a hand adjust- 
ment. The tube terminates in the IwkIv of the 
carburetter with an automatic valve (B) opened 
by the suction ot the engine. Just above the 
valve is the fuel feed pifie (C), with a cock for 
adjustment purposes, and this icgulatcs the 
supply of paraffin (o the small annular space 
(D), wffience it flows by small channels to the 
valve seating Thus the fuel is finely sprayed 
and carried off the valve seating by the incoming 
air. The mixture thus formed enters the vapor- 
ising chamber. This chamber is annular, the 
centre being formed by a flanged tube (H) com- 
municating by the horizontal pipes (K), with an 
external jacket (L). 

At the bottom of the vaporiser is an intake (F) 
fitteef with a hand-operated valve, that commu- 
nicates with the exhaust. As much of the ex- 
haust as is necessary can therefore be passed 
through the central portion of the vaporiser (H), 
then outwards through K into the jacket (L), and 
thence it escapes through [lorts. The mixing 
chamber (E) has thus very great heating sur- 
face, and the mixture is brought into intimate 
contact with its walls, afterwards passing in a 
completely vaporised condition to the engine 
through the outlet (M). 

This vaporiser it will be seen is of an extremely 
simple type, and is entirely hand-controlled. It 
has, we understand!^ been successfully fitted to 


the standard Slddeley engines, and after pi«>- 
longed use the cylinders have been found quite 
clean, which is perhaps the best of all tests of 
the efficacy of a vaporiser. It will have been 
gathered from the description that the engine 
has to be stiu'ted up and run on petrol for a few 
minutes to heat the vaporiser, or, alternatively, a 
Swedish lamp can be used, there being a door in 
the side of the vaporiser through w’hich a flame 
can be played on the jacket. 

An Adaptable Device. * 

We now^ come to a model that is remarkable 
for its flexibility and extreme simplicity, and for 
the fact that it can be fitted to almost any exist- 
ing petrol engine with practically no alterations 
to the motor. It is manufactured by Messrs. 
Paraffin Carburetters, Ltd. The illustration 
shows a float feed arrangement of the usual 
type, but with an adjustment of the length of 
the needle to give whatever level of paraffin is 
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required. The jet also follows quite norma) 
liiMS, but the choke tube (H) is rather small, 
SO that the air passes the jet at exceptionally 
high velocity and sprays the paraffin very finely. 
The induction piping (C) is endless, as shown ; 
the gas passing to either side and returning 
along the upper part through the vaporisers to 
the throttle (G). 

We now come to the distinctive feature of the 
carburetter. A vaporiser is fixed to each exhaust 


iser separately it would not be possible to start 
up direct on paraffin. As a matter of fact, a 
little petrol is always used for starting a two-way 
cock under the jet, enabling a change over to 
be made from one fuel to the other. 

Westmacott Vaporiser, 

Probably no vaporiser has been quite so widely 
used as the Westmacott, made by Messrs. Wood- 
nutt and Co. Like those already described, it is 


port and the gas passes 
through these in series. 
As shown, the carburet- 
ter is arranged for a 
two-cylinder engine ; for 
a four-cylinder motor it 
would only be necessary 
to put in extra lengths of 
pipe at the parts E, E, 
and to fit a couple of 
extra vaporisers in the 
upper part of the system. 
The amount of heating 
surface is thus varied ac- 
cording to the number of 
cylinders, so that a 
single design will serve 
for quite a range of 
powers. It will be under- 
stood that the mixture 
passing through the 
vaporisers is very rich. 
Extra air is taken up at 
the hand-adjusted ports 
(F), whence the gas 
passes to the engine. 

The vaporiser is of 
extremely simple con- 
struction. It consists 
merely of a star-sec- 
tion pipe (to give great 
heating surface) as 
shown in the lower 
port of the illustration. 
This vaporiser tube 
has a rather restricted 
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section, so that the 

speed of the gas through it is high, thus assist- 
ing the atomisation of the fuel and preventing 
the formation of any de|X)sit. The tube (M) is 
merely placed in the exhaust pipe branch, and 
each vaporiser is made in the form of a Compact 
box adaptable to almost any arrangement of ex- 
haust {.Kjrts. The heat is automatically regu- 
lated. If the engine be throttled down less gas 
andi consequently, less healing is required, and 
the heat is naturally reduced by the decreased 
volume of exhaust gas. The carburetter gives 
a great range of flexibility, and the fuel con- 
sumption is low, only .6 pint per h.p. hour. 
Another feature is that the float chamber and 
jet can be swung round to any desired position. 
The whole arrangement is, in fact, extremely 
adaptable and can be fitted to any existing en- 
gine. Unless a lamp were played on each vapor- 


of the exhaust-heated type and starting may be 
•effected either on petrol or by use of a lamp. 
The heater takes the form of a battery of tubes, 
around which the exhaust gases pass,^ and 
through which the air and oil spray are drawn.^ 
The suction stroke of motor draws air through 
the annular space (A), through the holes fB), 
lifting the conical valve (C), drawing with it a 
quantity of the fuel from the jet (D), which, 
being sprayed against the serrated conical valve 
(C), is atomised and thoroughly mixed with the 
air. TTiis mixture is carrieef through the 
exhaust-healed tubes (E) to the chamber above, 
and thence to the induction pipe. On its passage 
through the heated tubes (E) the paraffin is 
vaporised. An extra automatic air inlet valve is 
provided at H, which opens more or less accord- 
ing to the speed of the motor, making a correct 
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ifiixture for complot® combustion. The opening 
this valve is controlled by the spring (J), the 
strength of which is adjusted with the nut (K). 

The speed of the motor is regulated by the 
throttle valve (L), which closes or opens the in- 
duction pipe (G); this throttle is moved by a 
hand lever on the boss (M). The engine 
governor also acts on the throttle by a lever on 
the boss (N). When the throttle is moved either 
by hand or governor the strength of the spring 
(J) is correspondingly affected by the partial 
rotation of a quick-thread worm (O) on the 
throttle valve spindle moving the fulcrum of the 
spring lever up or down. 

The exhaust gases from the motor enter the 
vaporiser at O, circulating outside the small 
tubes (E), and exit at P to silencer or over- 
board. 

llie opening at R is to apply a blow-lamp for 
initially heating the tubes for starting on 
paraffin ; this opening is closed by a door when 
the vaporiser is sufficiently heated. When start- 
ing on petrol heating up is not necessary. 

The fuel is supplied from the tank to pipe (S), 
and the quantity regulated by the screwed 
needle valve (T), 

A Mecbaaicai Vaporiser, 

Hitherto all the vaporisers we have considered 
have been entirely dependent upon heat of the 
exhaust gases for the proj)er vaporisation of the 
fuel.^ We come now to a different type, the 
Davis paraffin carburetter, in which a mechani- 
cal mixer assists the heating arrangements in 
vaporisation of the fuel. Tie heating system, 
in fact, is not particularly elaborate, and the car- 
buretter may therefore be considered a step nearer 
the slart-from-cold ideal than are those 
vaporisers de|>ending entirely upon heat. 

The mechanical mixer may for all practical 
purposes be considered a sort of wick or surface 
carburetter, and for the rest there is an air valve 
and fuel-feed regulator, which parts may now 
be considered in detail. 

The body of the carburetter consists of an 
exhaust jacketed cylindrical chamber (A), in 
which rotates the mechanical mixer or distri- 
butor (B), consisting of a brass frame, of which 
the circumference is covered with wire gauze, 
llie spindle on which the frame is mount^ can 
be moved horizontallv, and carries (on the left) 
the piston air valve (C) and on the right the fuel- 
regulating device. This latter possesses several 
special features, but for the moment it will be 
sufficient to note that paraffin is fed through the 
jet (D) into the surface of the distributor. 

Communication with the engine is, of course, 
effected through the pipe at the top of the car- 
buretter, and it follows that air entering at C 
and picking up paraffin off the rapidly-revolving 
mixer forms a very intimate mixture, the 
vaporisation of which is completed by the ex- 
haust jacket and by the three cones of gauze in 
the induction passage. All this ^auze, it will 
be readily understood, offers a fair amount of 


resistance to the passage of the gas, and to 
counteract this the arms of the frame of the 
mixer are made in the form of a fan or pro- 
peller, as is so often done in a motorcar fly* 
wheel, thus forcing the air through the harder 
as the speed increases. 

The miver is rotated by a belt off the engine, 
and the air and paraffin feeds can be regulated , 
either by hand (m one model) or automatically 
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by means of a centrifugal governor on the 
S|)lndle of the mixer. 

And now to the fuel pump. Paraffin enters 
by the connection (E) and passes to the passage 
(F) past the plunger valve (H). K is a small 
plunger pump operated by the cam (L) forcing 
the fuel past the non-return valve to the jet (D) 
already referred to. 

Now, the speed of the pump obviously varies 
as the speed of the engine, whence the supply is 
very nicely graduated, but in addition a variable 
feed is supplied by the plunger (H) acting in con- 
junction with the air valve (C). The spindle of 
the mixer has a pointed end, and, as may be 
seen, this end, or cone, regulates the height ol 
the plunger. If the engine speed increases, 
however, the gx)vernor moves the spindle from 
left to right, cutting down the air supply and at 
the same time cutting down the fuel feed by 
throttling the passage (F) with the top of the 
plunger (H). 

In the hand-regulated type, ' however, the 
arrangement is different. A movement of the 
spindle from left to right opens the air ports, and 
also increases the fuel supply, the end of the 
spindle being “ dovetailed,” as shown, and so 
giving the full opening of the passage (F) when 
the spindle is over as far as it 
will go to the right. In either 
case, however, the effect is the 
same, the air and fuel supply are 
increased or decreased together. 

CarburetUrs for Two^ 
stroke Engines, 

Though there are a numl>er of 
carburetters that can be used for 
four-stroke as well as two-stroke 
engines, the conditions are not 
quite the same in the two types 
of engines, and the requirements 
therefore vary to some extent. 

The vast majority of two-stroke 
motors depend on crankcase 
compression, so that instead of 




the full suction of the cylinder, as in the four- 
stroke motor, a carburetter on a two-stroke 
engine will only be subject to the much lighter 
vacuum of the crankcase, in which there is 
very much mere clearance. Further, the suc- 
tion will vary considerably with different de.signs 
of engine, owing to the wide range of crankcase 
volume, as compared with the volume swept out 
by the piston, and, lastly, since the gas is 
churned round by the crankshaft, driven up a 
channel, and impinged on a baffle plate on the 
top of the piston as it enters the cylinder, it is 
obvious that it is very well mixed after it is 
inside the engine. 

From the first two conditions it follows that in 
any standard type of carburetter for two-stroke 
work plenty of latitude for adjustment will be 
required, usually taking the form of a hand- 
adjusted jet, and from the last that the mixing 
chamber need not be of very elaborate design. 
For these reasons we have dealt with carburet- 
ters for four-stroke motors under a separate 
heading. 

For use with two-stroke engines, American 
designs are most commonly employed, and ex- 
tremely compact, simple, and accessible little 
models most of them are, though perhaps a little 
unfamiliar to many people 
on this side of the Atlantic, 
because they do not follow 
the lines to which we are 
most accustomed. 

The Schebler Carburetter, 

One of the best-known 
models is the Schebler. It 
consists of an annular float 
chamber (B) containing 
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p. varnished cork float (F) controlling the 
needle-valve (1) in the ordinary way. The 
nozzle of the jet (D) is centrally placed, but the 
jet is inclined as shown, and its owning is hand- 
controlled by the needle (E). The air intake is 
at the top of the carburetter, and is controlled 
by the automatic valve (A). The throttle (K) 
can be seen on the left of the illustration, and 
at this point, of course, is the connection to the 
engine. It will be noticed that the valve (A) 
does not completely close the air intake. The 
action of the carburetter is simplicity itself. 
When the throttle is nearly closed the suction is 
slight and the air valve (A) remains shut, leav- 
ing only a crescent-shaped opening, but as the 
throttle is opened the increased suction of>ens the 
valve and admits more air. The air, of course, 
passes the jet and takes up petrol, the strength 
of the mixture being hand-regulated to suit the 
requirements of each individual engine. There 
is also an easy adjustment for the tension of the 
air valve spring. 



The model just described is known as “ D 
ther^ is also an “ E ” model, in which the air 
valve completely closes the air intake at the top 
of the carburetter, a fixed supply l;eing obtained 
from a port at the bottom of the carburetter. 



Schebler model "£.** 


The Holley, 

Another carburetter of exactly similar type 
but slightly different design is the Holley, fitted 
notably to Fairbanks engines. Here the float 
chamber remains bowl-shaped, as in the 
Schebler, with a central jet, though the latter is 
vertical instead of inclined ; further, the connec- 
tion to the engine is on the tof) and the air 
valve at the side. As in model “ D ” of the 
type just described, there is a crescent-shaped 
fixed air intake, and a hand-adjusted automatic 
extra air valve* 

There is one additional refinement that de- 
serves notice. At the bottom of the extra air 
valve will be noticed some small ports, that admit 
a little air when the engine is running, and 
below which is a small priming cup. The object 
of the latter is to facilitate starting. A little 
petrol is squirted into it, and affords a rich mix- 
ture when the engine is first turned over. 
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CIRCULATING PUMPS. 


The importance of the circulating pump can 
best be emphasised by remembering the break- 
downs that so frequently occur through faults in 
the circulating system, and these breakdowns 
can generally be traced to the fact that the 
pump was badly designed, or was installed under 
conditions that were so unfavourable that it 
failed to accomplish its purpose. 

There are several types of pumps in general 
use, viz., the plunger, semi-rotary, gear, and 
wing varieties, which may be termed positive 
pumps, and the centrifugal, diafihragm, and 
ejector pumps, which are not positive. 

Plunger Pump, 

The plunger, or force pump is so well known 
that it needs no special description. This pump 
is used in the engineering world for a multitude 
of purposes, notably as a boiler feed pump, or 
for any work when considerable pressure has to 
be overcome. 

For slow-running engines this pump gives 
excellent results, as its piston speeds and re- 
versals are slow, and the inertia of the moving 
column of water has no ill effect, but for a fast- 
running engine it is most unsuitable owing to 
the fact that the movement of the water, an in- 
compressible medium, is arrested twice each re- 
volution throughout the whole length of the cir- 
culating system. This produces “ water ham- 
mer,’’ which causes joints to leak, pipes to frac- 
ture, valves to wear out, and packing to give 
way, and a reciprocating plunger pump should 
not, therefore, be used for a greater speed than 
6ofl. per minute. 

(We may mention that water hammer through 
excessive pump speed can be eliminated by ar- 
ranging a snifting valve leading into the pump 
between the valves, which can be set to allow a 
small quantity of air to be drawn in at each 
stroke, which air will act as a buffer throughout 
the system). 

If a plunger pump is used the valves must be 
of ample size, the packing gland substantial and 
well fitted, and the pump must be in every way 
accessible. The body should be made of gun- 
metal, the valves of hard bronze, and the 
plunger of red phosphor bronze or some such 
similar metal, and for sea- water work no steel 
siiould be used in its construction. 

Semi^rotary Pumps, 

A development of the plunger, viz., the semi- 
rotary pump, is a* distinct improvement on its 
prototype for all-rourtd motor work. It will be 


seen (Fig. i) that there is an oscillating dia- 
phragm arranged in a drum, which drum is 
further provided with two fixed diaphragms con- 
taining valves. The movable diaphragm, which 
reciprocates circumfertMitially on a centre com- 
mon with the drum, acts as the piston of a com- 



Pig. 1.— Semi-rotary pump. 


nion lift pump, working alternately on each side. 
It will be noted that it is reciprocated by means 
of an eccentric situated on the crank or cam- 
shaft, and providing this pump does not run at 
a greater speed than 350 revolutions of the ec- 
centric it gives very fair results. 

Its drawbacks are that wear takes place be- 
tween the diaphragm and the drum, and sand or 
mud are very detrimental to its action. These 
pumps are generally made with flap valves, but 
those shown are preferable, for a very small 
obstruction near the hinge of the flap valve will 
put it out of action. 

Incidentally it may be mentioned that If this 
class of pump is used for the bilge, special care 
must be taken to provide an adequate strainer, 
and the pump should be entirely of gun-metal. 
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Tb«se pumps, viihen worked by Itand, are very 
serviceable for pumping lubricating oil, paraffin, 
and petrol, or for draining engine trays. 

Qear^ wheel Pumps. 

The gear-wheel pump is perhaps the most 
popular one now in use ; it works on the principle 
of the displacement of gears meshing into each 



Fig. 2.~-Gear-wlieel pump. 

other, and the accompanying illustration (Fig. 2) 
will show how one tooth acts as a piston and dis- 
places the water contained between the two 
opposite teeth of the other wheel, which water 
has been brought round to the outlet side by the 
motion of the gears within the case, which they 
accurately fit. 

The charm of the type lies in its simplicity, 
for there are no valves to get out of order, and 
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lines shown on the ends of the teeth, which are 
also extended along the edges, are grooves, 
which serve the purpose of water packing. 

These pumps will draw water some few feet 
when they are new, but after they are worn they 
need priming, and the handiest method of doing 
so is to arrange a grease cup so that grease can 
be forced into the interior, which acts as a pack- 
ing until the pump is drowned. 

Unfortunately a good many of this type have 
been placed on the market with gears so badly 
cut, and fitted in such a slovenly manner, that 
they make a considerable amount of noise and 
sometimes seize up, and a pump of this class 
which makes sufficient noise to be distinctly 
heard should be rejected. 

The gear-wheel pump will be recognised by 
many as a development of the “ Roots’ Blower ” 
so extensively used for foundry work and gas 
pumping. 

Drum Pump. 

Next in popularity is, perhaps, the wing, or 
drum pump (Fig. 3), and which consists of a 
cylinder containing a rotating drum placed 
eccentrically with the cylinder, and with its 
periphery in contact with the cylinder at one 
point. This drum contains a slot in the same 
plane as its axis, which slot has two tongues or 
wings fitted in it, which are forced outwards by 
a spring. It will be seen that as the drum 
rotates each wing alternately forms a piston, 
which draws in a certain quantity of water on 
one side, and delivers another body of water on 
the other side. 

The drawback to the pump is that it can easily 
be put out of action by grit. Grit entering the 
pump will be forced into the point where the 
drum comes in contact with the cylinder, and 
will cause wear, and the same agent will tend to 



Fig. 3.— Dram or wing pump. 


only a simple packing to abend to, and that on a 
rotating shaft. Gear-wheel pumps will deal 
with sandy water, and will last a considerable 
time if properly made of correct materials. The 


cause the wings to be arrested in their slot. A 
good strainer must therefore be fitted. 

Taken on the whole these pumps are very 
satisfactory. They are abotit as efficient as the 
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jear pump, though perhaps more liable to de. 
rangement. 

We illustrate (Fig. 4) another method of carry- 
ing out the same principle, in which it will be 



seen that a vane is hinged in the cylinder wall 
and works in a slot in the drum, which latter is 
mounted on a crank pin formed on a shaft, 
whose axis coincides with that of the cylinder. 

In this pump the advantage is that there is 
very little sliding friction on the^ walls of the 
cylinder, although it is more sensitive to obstruc- 
tions than the other form. 

Centrifugal Pump. 

The most popular of the non-positive pumps 
is the centrifugal, and this is made in a variety 



of forms, but a reference to the diagram (Fig. 5) 
will be sufficient to illustrate the general prin- 
ciple of the pump, whatever special form or 
shape may have beeci adopted. 


In this case the vanes are cast in one piece, 
with a disc that should be also in one piece with 
the spindle, and should be made of gun-metal or 
bronze. 

This spindle passes through a long bearing 
and gland formed in the body of the pump, and 
the body should be fitted with a door large 
enough for the disc to be withdrawn, which doot 
will be provided at its centre with a connection 
for the inlet of water. 

It will be readily seen that when the disc is 
revolved the water tends to pass outwards in a 
tangential direction, and escapes through the 
outlet pipe as shown. In a correctly formed 
pump the case is swelled gradually from the 
outlet, so that each blade is displacing water 
during every part of the revolution. 

This class of pump of course has not the 
power of the former types, and any obstruction 
on the suction or delivery side will prevent the 
circulation of water. Again, the pump must 
be “ drowned,” it will even refuse to work when 
three-quarters full of water, and of course it 



must be driven at a considerable speed. This 
speed generally necessitates driving by means 
of a chain or gears, and in this case it is best 
to mount the gear or chain wheel so that it 
runs on the outside of the spindle bearing, and 
drives the spindle itself by means of a flexible 
dog coupling. This relieves' the spindle from 
any undue strain, and is the most approved 
method of driving. 

Another disadvantage of the centrifugal type 
is that the pump does not hold up the water 
when it has stopped, and a check valve is 
generally placed on the delivery for this purpose, 
otherwise the water would drain out from pipes 
and engine jacket. 

The pump is light, simple, and has no valves, 
and will be found very satisfactory if properly 
constructed and installed, and used in conjunc- 
tion with a high-speed, high-powered engine re* 
quiring a large volume of water. 
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Diaphragm Pump. 

In order to obviate the difficulties and troubles 
arising OMt of a packed plunger, and to elimin- 
ate the gearing required for driving, the pulsa- 
tions of the exhaust in the case of a four-stroke 
engine, or of the crank-chamber gases when 
used in connection with a tw’o-stroke engine, 
have been utilised to vibrate a diaphragm which 
acts on a suction and delivery valve in a man- 
ner precisely similar to that of an ordinary plun- 
ger pump. 

In the type illustrated (Fig. 6) there are two 
diaphragms rigidly connected, the pulsations of 
the exhaust (or other) gas pressure acting upon 
one side of the larger one being communicated 
to the water upon the other side of the smaller. 

It is probable that the rapid pulsations of the 
diaphragms would lead to fracture at the points 
of attachment to the spindle in course of time, 
but the diaphragms are easily replaced, and arc 
not expensive. Provision would need to be made 
against the risk of rupture of the large dia- 
phragm in the event of an explosion in the 
exhaust. 

The pulsations of the exhaust were used for 
this purpose in one of the earliest marine en- 
gines, but the fact that so small a difference of 
pressure was available made them extremely 
sensitive, and they did not become popular, no 
doubt through this cause. 

The Circulating Water inlet. 

However good the pump may be, should the 
suction become blocked by a piece of waste, sea- 
weed, or jelly fish, the circulation will be stopped, 
and to obviate this every boat should be fitted 
with a large rose on the outside of the hull, but 
even then if this rose is not in a position to keep 
the inlet clear it will become blocked up if the 
boat takes the mud. 

The best practice is to provide a sort of trap, a 
form of which is illustrated herewith. It will be 
seen that the water enters the trap, which should 
be made of sheet brass, direct into a tube of 
strong coarse wire gauze, which tube should be 
reinforced by light brass rods. There should be 
no strainer fitted on the outside, the reason for 
which will be shown. The water passes through 
the gauze cylinder and finds its level in the 
reservoir, from which it is drawn in the usual 
manq^r by the circulating pump. The utility of 
this will be seen by supposing a piece of waste to 
have wedged itself tightly in the inlet. The 
bayonet jointed cover would be removed, a rod 


> f. ^ ,, 

passed down the tube, and the obstruction forced 
out. Should it be necessary to run the engine 
for a short time when the boat is out of the 
water, the pump can be supplied by water 
poured from a bucket into the reservoir. 

A modification of this trap is sometimes used 
on fast launches; it consists of providing a 
reservoir with a scoop self-contained with the 
bottom of the tank, which scoop is easily ac- 
cessible when the lid is taken olT. A vertical 
gauze partition is provided, and the water passes 
to the pump from the other side of this parti- 
tion. An overflow pipe is led from a position 
near the top of the tank, the scoop causes 
the water to rise above its normal level, and 



there is always a considerable amount of cir- 
dilation taking place when the boat is moving 
through the water. Any weeds that may be 
drawn in will flow out again by the overflow 
pipe. However, should the apparatus become 
choked, which will be indicated by the absence of 
water from the overflow pipe, the lid can be 
taken off and the obstruction cleared away by 
hand without loss of time. 

A most important point is that all water-circu- 
lation pipes must be of solid drawn copper, 
thoroughly annealed after bending, and joints 
must be brazed and not soldered. In fact, the 
piping should be carried out as if it were for 
6olb. steam service. 
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SILENCERS. 


The whole aspect of the silencing question 
has undergone a conbidcrable change of late. 
In the early days of marine motoring, when the 
influence of car practice W’as more strongly felt 
than it is to-day, the tendency was to adopt, 
frankly, a car type of silencer, which, to a cer- 
tain extent, must be considered a compromise 
between noise and back pressure. But it has 
gradually been realised that the unlimited 
amount of water available in boat work can be 
utilised to eliminate, or, at any rate, very greatly 
reduce, noise, without any corresponding back 
pressure. 

Water-cooled silencers represent the first move 
in this direction ; then followed systems of ex- 
hausting below the water line, and, finally, there 
is the method, becoming evet y day more popular, 
of putting all water direct into the exhaust pipe 
and keeping the outlet above water level. 

Silencers devoid of any water-cooling system 
are to-day very rarely met with, except in the 
form of funnels, and the systems may be classi- 
fied as follow : — 

1. Funnel exhausts. 

2. Water-cooled silencers. 

3. Partial silencers or receivers depending 
partly for silence on w'atcr spray or under-water 
exhaust. 

4. Flooded exhaust pipes. 

We will deal with these in order. 

Funnel Exhausts, 

In favour of the funnel exhaust must cer- 
tainly be mentioned its low cost. It can be of 
the ordinary motorcar type and may be simply 
fixed directly over the motor, connection with 
which is effected by plain asbestos lagged pipe. 

At one time, when the public had not got used 
to the look of a launch without a funnel, the 
type was very popular, but the reason for its 
adoption was as illogical as a dummy horse 
would be in front of a motorcar, and it is not 
now very frequently met with. 

We do not advocate its use on small boats, for, 
to mention two objections, passengers are liable 
to burn their hands on it, even if it be water 
cooled, and there is always a tendency for those 
in the after cockpit to get a good deal of objec- 
tionable smell and perhaps a little smoke as 
well if the lubrication or carburation be not per- 
fect. For cabin cruisers, however, where the 
funnel can be made more elaborate, these ob- 
jections disappear, and there are certainly ad- 
vantages, unless means of heating in cold 


weather be absent, in keeping the exhaust alto- 
gether out of the cabins. 

Water-cooled Silencers, 

Of water-cooled silencers there are a great 
variety, Ihe patterns being in nearly all cases 
variants ol the car silencer, but less elaborate 
by reason of the quieting effect of the water 
jacket. The ordinary coiiLcntrlc lube arrange- 
ment is V('ry common, and is too well known to 
need explanation. 

A very simple, cheap, and, at the same time, 
efficient, form is the Parsons silencer (Fig. 2), 
which consists merely of a jacketed cylinder and 
two lengths ot perforated tube inside. In the 
illustration we will assume that the right-hand 
end is connected to the engine, the other being 
the outlet. The exhaust enters the central pipe, 
expands through numerous holes into the big 
cylindrical chamber, and is then cooled partly 
by its own expansion and partly by contact with 
the water-cooled peri))hery of the chambfT. With 
the kick, so to speak, thus taken out of them, 
and much reduced in volume, the gases then 
escape by the left-hand tube, which they enter 
through perforations as indicated. It will be 
noticed that the two tiilirs are spigoted together 
in the centre, a closed cylinder or plug in one, the 
same plug fitting the end of the other tube and 
forming an expansion joint. 
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Fig. 3.~The Universal silencer. 


Fig:. 3 illustrates the Universal 
silencer, 

ll will be seen that it consists of 
three globular chambers connected by 
a cylindrical water-cooled casing. The < 
exhaust pipe from the engine enters the 
first globe on the left, where the gases 
expand and leave the globe by holes in 
its right-hand end, entering the cylin- 
drical chamber and being cooled to 
some extent by contact with its walls. 

The gas then passes through two 
more chambers in the same way, and, it is not 
difficult to understand, comes out very effectively 
silenced. 'Fo further assist in this direction, the 
body of the silencer has fine pcrlorations through 
which fine sprays of water enter, and, being 
converted into st(‘am, pass out through the ordi- 
nary outlet. It might be thought that, on this 
account, the silencer properly belongs to Class 3, 
but as it is an effective silencer independently 
of the water sf)ray we have preferred to include 
it in the second class. Obviously, H could not be 
employed as a funnel silencer if the water sprays 
were used, as water would get back to the valves 
and cylinders. 


Fig. 2.— Parsons water-cooled silencer. 

Partiml SHeacers. 

This class, as already explained, includes, 
really, expansion boxes, usually water-jacketed, 
and provided in addition with water sprays in 
one form or another. A very simple form, tried 
early in the 1908 season by Messrs. Hart-Har- 
den, is illustrated in Fig. 5. It consists merely 
of a deep, narrow receiver alongside the motor, 
the exhaust entering near the top and leaving a 
few inches above the bottom. All the circulat- 
wfiter is sprayed in at the top, and at once 
effectively cools the exhaust. Part of the water 
is, of course, converted into steam, but the re- 
mainder collects in the bottom of the receiver 
and drains away through the outlet, which may 
be taken direct through the side of the boat, 
making a very Tmht and compact job. An addi- 
tional advantage of the system is that it is quite 
impossible for any water to get to the valves. 

A variation of the system was to be found on 
the Dixon-Hutchinson boats “ Lotus ** and 
** Lotus 11.” Here the receiver consisted simply 
of a drum with a perforated pipe running 
through the middle. The circulating water was 
passed into this pipe, and, being sptrayed among 


the exhaust gases, cook'd them very thoroughly 
and made it possible to take only a short length 
of pipe straight thrtaigh the side* of the boat. 

A very simple variant of the principle is to be 
found in the Rankin Kennedy exhaust ejecter. 

It will be seen (Fig. 4) that the exhaust leav- 
ing the engine expands first of all in a conical 
chamber, which is placed as near the engine as 
possible. Around the aj^ex of this chamber is a 
water-jacket (C) which, through a narrow' annu- 
lar space, is in connection with the conical cham- 
ber. Owing to the ejector action set up, the 
escaping exhaust draws water from the annu- 
lar chamber, as indicated by the arrows, in the 
foi'm of spray, and, being con- 
siderably coolecJ, passes on into 
the exhaust receiver (B) and 
thence aw'ay by the pipe (O). 

This is but a modification of 
the original system adopted in 
the American tw^o-stroke en- 
gines, where a small pipe is led 
from the jacket into the exhaust 
pipe facing away from the cylin- 
der. The principle and action are 
the same, but in the case W'c 
describe and illustrate, it has 
been perfected, and the system 
can be followed with advantage, although 
there is a possibility, when used in conjunction 
with four-stroke engines and when situated 
close to the engine, of the water being drawn 
into the cylinder in the case of a misfire. * 

Flooded Exhaust Pipes, 

We may now pass on to Class 4, where 
silencers are entirely absent, and the reduction 
in noise is effected wholly by turning the circu- 
lating water into the exhaust pipe. 

This system, it should be noted, does not 
effectively silence very slow-running engines, 
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especially if they be of the sinj^le or two-cylinder 
type; here we have a series of ** pufT<>,** which 
the water does not greatly influence. But the 
case of moderate-speed and fast-running motors 
is different. Here the mere injection of water into 
the exhaust pipe produces a really surprising de- 
gree of silence, providing the length of pipe be 
sufficient, not less than 15ft. or so, and the more 
the better,^ The bore of the pipe must not be 
at all restricted, and it may be led straight aft. 
Many builders and others used to argue that this 
sv^stem involved great danger of getting water 
back into the engine, but, provided the installa- 
tion be intelligently carried out, we do not think 
there is any danger of this. 

The arrangement is illustrated in Fig. 6. The 
exha^ist ports are connected direct to a common 
exhaust pipe, which should be water-jacketed on 
general principles of safety and comfort, not in 
any connection with the efficacy of the silencing. 


Just aft of the engine the pipe should be given a 
sudden drop, and should trien be led straight 
aft with a gentle downward slope all the way, 
the greatest care being taken to avoid U bends 
on any pretext. The circulating water should be 
led from the cylinders to the exhaust pipe, en- 
tering just at the bottom of the bend. In all 
cases where there are less than four cylinders, 
the outlet should be above water, otherwise a 
sort of “ water hammer ” effect may be pro- 
duced, and even with four or more cylinders 
the outlet should be above water in all cases 
where the ratio of pow er to weight is at all high, 
as in ordinary launches. In caibin cruisers, how- 
ever, there is no objection to exhausting below 
water, though, wherever this is done, it is ad- 
visable to fit a length of vertical pipe to the 
exhaust near the engine and reaching well above 
the water line. A stop valve should be fitted at 
the top of this pipe, and it should be opened just 
before shutting down, otherwise there is the 
danger, as the gases in the engine and exhaust 
pipe cool, of water sucking back to the cylinders. 
“ Wolseley-Siddeley ” affords an excellent ex- 
ample of how efficiently a boat can be silenced by 
the simple expedient of turning water into the 
exhaust. Her two engines, aggregating 4ooh.p., 
exhausted into a common pipe, which was sup- 
plied with the circulating water and branched 
again to two outlets aft. The pipe cannot have 
been more than 25ft. long, yet the noise of the 
exhaust was scarcely noticeable; it wxis, in fact, 
so slight that it was possible to make the crew 
hear by hailing, even wffien travelling fast. 



Fig 6.— The flooded pipe system. 





THE MOTOR ""boat MANUAL. 


. 1' 


REVERSING SYSTEMS. 


Broadly speaking, the methods of driving a 
motor astern may be divided into three heads - 

1. A reversing engine. 

2. A reversing gear, that is to say, a 
mechanical means of reversing the direction 
of running of the tailshaft while the engine 
continues to run in one direction. 

3. A reversible-blad-ed propeller. 

Several successful attempts have been made to 
produce a reversing four-stroke engine. The 
essential principle, of course, is to alter the 
valve setting to enable the engine to run the 
other way. This has been done, notably in one 
or two German and Swedish motors and also 
the Antoinette engine, which, having automatic 
inlet valves, makes it only necessary to retard 
the exhaust camshaft 90^ and simultaneously 
to advance the ignition 90^. Again, in engines 
where the fuel teed is entirely separate from 
the air supply, it is possible to reverse the run- 
ning of an engine without altering the valve 
setting at all, though the power running back- 
wards will not, of course, be so great: as when 
going ahead, as will be readily understood from 
a study of the valve-setting diagram. In this 
case, what vvas formerly the inlet simply acts as 
the exhaust, and vice versa, and anyone who 
has had to do with stationary engines of the 
Hornsby horizontal type will know Uiat in start- 
ing up these motors by hand it is quite common 
by unskilful management to get them going in 
the wrong direction. It may, therefore, be said 
that four-stroke engines can be made reversible, 
but the reason why they are not more frequently 
so made is that they cannot be relied upon to 
be self-starting in a new direction. The An- 
toinette engine occurs to us as one that can be 
reversed on the switch with a fair amount of 
certainty, provided it be |>erfectly tuned up and 
handted by an experienced mechanic, but, gener- 
ally speaking, engines cannot be relied upon to 
start on the switch, and either hand or com- 
pressed-air starting must be resorted to. 

Two-stroke engines are, of course, capable of 
running equally well in eilheT direction, and by 
suitably arranging the ignition gear they can 
be reversed by running them dead slow and then 
suddenly advancing the ignition, so that a back- 
fire is produced and the engine starts up in the 
Other direction. Here again, however, a con- 
siderable amount of skill is generally required, 
aiKi very few engines can be said to be quite 
certain of starting on the switch. An engine 
that behaves extremely well in this connection is 


the Boulton and Paul single-cylinder, two-stroke 
motor, which has a specially-arranged ignition 
lever that makes it possible to reverse the engine 
without previous practice, as we have ourselves 
verified. 

But motors cannot at present be considered 
easily and certainly reversible, and as trouble 
will almost certainly be experienced with the 
flurried handling that might very probably occur 
in an emergency when a reverse was most re- 
quired, a reversing gear may be considered pre- 
ferable at present for the use of the average 
man. 

Reveniag Qean» 

Reversing gears may be divided into two 
classes : the positive type and what may be 
called a clutch type, which depends upon part 
of its mechanism being held fast by a clutch 
for going astern. 

We will first consider the positive type. The 
diagram (Fig. i)^ makes the general principle 
clear ; A is a pinion on the engine shah meal- 
ing with a spur wheel IB) on a countershaft, 
which shaft carries another pinion (C) (shown 
dotted) meshing with a ^ur wheel (D) on a 
third or layshait, this latter wheel also mesh- 
ing with a pinion (E) on the tailshaft. If this 
train of gears be followed out, it will be found 
that E is driven in the reverse direction to A. 
The gears are, of course, slid in and out of mesh 
exactly as is done with a car change-speed gear- 
box. An alternative method of obtaining a posi«^ 
live reverse is to drive the countershaft by a 
chain off the engine shaft and to have a gear 
drive from the countershaft to the tailshaft, 
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Fig. 2.~Brooke reverse gear* 

which, of course, gives a reverse without the 
intervention of a layshaft. We will now con- 
sider some practical examples of the type : — 


The Btook9 Qcmr^ . 

This gear is illustrated in Fig. 2 , The engine 
shaft (A) is spigoted into the tailshaft (E). A 
spur wheel fB) is carried on a squared portion of 
the shaft and carries also the jaw clutch, the 
whole of b being free to slide on the shaft and 
under control of the reversing lever. On the 
shaft (E) is a spur wheel (I) carrying also a j^w 
clutch. To give an ahead drive, B is moved aft 
till the jaws of the dog clutch engage, so that a 
clean through drive is obtained. 

For the reverse the countershaft fH) comes into 
play; a squared portion of this shaft carries a 
pinion (M), and keyed to the shaft is the spur 
wheel (K), which is always in mesh with a pinion 
(L) on a layshaft underneath the engine shaft. 
To put the reverse into operation the pinion (B) 
is moved forward, that is, from left to right in 




rig l.—Napisr positive type gear 
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gear-wheel drive from the engine shaft to the 
countershaft. The gear is extremely simple, as 
may be seen from the drawing, and is very com- 
pact and light, and, it should be noted, was 
fitted to “ Wolseley-Siddeley ” when she went 
over to America to comply with the B.I. Trophy 
race requirements. In the section drawing 
(Fig. 4) the arrangement 
can easily be seen ; the en- 
gine shaft is to the left and 
tailshaft to the right. There 
is a loose chain wheel on the 
engine shaft formed in one 
' with a jaw clutch ; a gear 

wheel is keyed to the tail- 
shaft, and this also is formed 
with a jaw clutch. The en- . 
gine shaft is spigoted to the 
tailsliaft, and its centre 
portion is squared and carries a double-face jaw 
clutch, which can be engaged either with the 
loose chain wheel or with the tailshaft. The 


Fig. 4 -Section of Pareons gear. 

the drawing, till it meshes with L, thus trans- 
mitting the drive to the countershaft at the same 
time that the dog clutch comes out of gear, the 
same lever that operates B also slides the wheel 
(M) on its shaft, and moving it also from left to 
right brings it into mesh with the spur wheel 
(Ij, thus giving a reverse drive to the shaft (E). 

From a mechanical point of view the gear is 
an excellent one, and it is, moreover, easily 
handled : the shahs are short, and so not liable 
to whip, and they are of an ample diameter. 
There is the advantage of an absolutely clean 
ahead drive, when it will be seen no gears are 
revolving, even idly. 

The Napier Gear. 

Another gear of the same type, but differently 
arranged, is the Napier, and which is shown in 
Fig. 3, in plan and elevation, action is the 

same as in the gear just described, but instead 
of moving the pinion (M) on its shaft, the whole 
shaft is moved bodily, bringing M into mesh with 
the spur wheel (D) on the tailshaft, and simul- 
taneously bringing the pinion (K) into mesh 
with the spur wheel on the layshaft (L). The 
pinion (B) also has to be brought in mesh with 
L, aftd it will thus be seen that three sets of 
gears have to be meshed to give the reverse. 
The design from an engineer’s ix>int of view is 
an extremely pretty one, and it works admir- 
ably, though a certain amount of skill is neces- 
sary in its operation. Of course, it goes without 
saying with any gear of this type that there 
must be a separate clutch on the engine shaft, 
otlierwise it would obviously be impossible to 
get the gears into mesh. 

Aa Bxampie of Chaia-driven Reverse. 

We now come to the Parsons reverse gear, in 
which, as already explained, the layshaft is done 
away with by the substitution of a chain for a 


arrangement of the control lever is indicated in 
the drawing, and, obviously, if the movable dog 
clutch is shifted over to the right, it will give 
a direct ahead drive and the chain wheel on the 
engine shaft will be quite free. The counter 
shaft, of course, carries a corresponding chain 
wheel and also a spur wheel on the squared por- 
tion of the shaft. This latter is operated by the 
small lever that actuates the double jaw clutch, 
but so arranged that it moves in the opposite 
direction to the latter ; thus, when the jaw clutch 
is in the ahead position, the spur wheel is over 
to the left and out of mesh. If, however, the 
jaw clutch be moved over from right to left, thus 
engaging with the chain wheel and transmit- 
ting the drive to the countershaft, the spur wheel 
on the countershaft goes into mesh with the 
tailshaft pinion and gives a reverse drive. In all 
three of those gears, it will be noted, a substan- 
tial thrust bearing to take the thrust propeller 
is fitted on the after end of the gearbox. 

There are, of course, other excellent examples 
of positive type reverse gears on the market, but 
the examples given will serve to explain the 
principle sulTiciently clearly. 



Tig. S.— Parsons gear with cover removeO. 
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Differentia] and Epicyclic Gearing. 




We now come to the non-positive varieties of 
gear which require no separate clutch and are 
operated entirely by a single lever, also as there 
are no sliding^ gears to take in and 
out of mesh, reverse gears of this TAIL SHAFT 
type ma> be considered almost fool- 
proof and, therefore, very suitabk* , 

for all-round work. Betore proceed- 
ing to describe actual types of gear, it will help 
to make the various systems clear if we describe 
briefly the principle of the differential and epicy- 
cUc gears. Differential gears may be sub-divided 
into two types — the bevel pinion and the parallel 
pinion varieties : a diagram of the bevel pinion For d 

appears in Fig. 6; the engine shafts and tail- A anc 

shafts are placed as shown, and carry respec- whole 

tivcly the bf‘vel spur wheels (A and B). These rcvoh 

wheels each mesh with the star pinions (S) which We 

are carrietl in an outer case (T). Now, if this bevel 

outer case be held rigidly, it is easy to see that 
if the spur wheel (A) be driven in one direction, 
it will drive the tailshaft (B) the opposite way 
through the star pinions (S) so that a rcvcr.se is 
obtained. For going ahead, the case (T) is re- 
leased, so as to be free to revolve, and A and B 
are clutched together, thus giving an ahead left 1 

drive and turning the whole of the gearcase shaft, 

bodily, i'lfo t 

The principle of the parallel pinion type of gear 
differential is precisely the same, though it is ii 

slightly differently arranged. Again, we have clutcl 
spur wheels (A and B) respectively on the engine doubl 
and tail shafts, wdde pinions (M) mesh with the while 
wheel (A) and other wide pinions (N) mesh 
with B and also with M, as shown in the dia- rigidl 
gram, all the pinion.s (M and N) being mounted tail.sh 
in a case as before. Here, again, if the case be clutcl 
held rigidly, A will drive the pinions (M), which with 
in turn will drive N, and N will drive B in the 
opposite direction to that in which A revolves. thrus 



ENGINE SHAFT 


Fiff. 7— Parallel pinion gear. 



TAIL SHAFT 


WiinWik 


* bevel pinion For driving ahead, the outer case is released and 
afts and tail- A and B clutch together, so that, as before, the 
carry respec- whole case revolves, but withooit the gear wheels 
id B). These revolving on each other. 

ions (S) which We will now consider some examples of the 
Now, if this bevel pinion type : — 
sv to see that m j 

one direction, . Savory Gear, 

opposite way fhis gear, which is shown in section in 

\t a rever.se is which is also illustrated in Fig. q, 

:ase (T) is re- the arrangement is quite clear. The bevel geaKs 
and A and B on the differential can be clearly seen ; on the 

ng an ahead ^eft is the thrust block carried on the engine 

the gearcase shaft, and on the right is the tailshaft. spigoted 
into the engine shaft. Between the differential 
inion type of gear and thrust block is a double cone clutch ; 

though it is fhc inner and externally-faced member of this 

ain, we have clutch is keyed to the tailshaft. Then comes a 

on the engine double-faced membea* keyed to the engine shaft, 

nesh with the while the outer member of all is bolted to one of 

ns (N) mesh the differential spur wheels, and is also held 

ni in the dia- rigidly in the cast'. When driving ahead, the 

leing mounted tail.shaft carrying the inner member of the 

if the case be clutch is moved bodily forward, thus engaging 

ns (M), which with the internal face of the double-faced mem- 

Irive B in the her and giving a direct drive ahead, the propeller 

h A revolves. thrust serving to keep the clutch in engage- 

ment without the use of any springs. For 
going^ astern, the tailshaft is pulled bodily aft, 
bringing this clutch out of engagement and 
carrying with it the outside clutch which en- 
gages with the outer face of the double-faced 
member. A drive is thus transmitted 
to the left-hand spur wheel of the dlf- 
cKi^tKicr ferential gear, the right-hand spur 

E. SHAFT wheel of the differential is free on the 

tailshaft when the gear is driving 
ahead, but the action of pulling the shaft astern 
engages it with the dog clutch on the tailshaft, 
and <so a reverse drive is transmitted. This gear 
affords a slight variation of the principle set 
out above by reason of the use of the dog clutch, 
which makes it possible for the ahead drive to 
take place without the whole of the gearcase re-, 
volving. When going astern, as when driving', 
ahead, the thrust of the propeller keeps the' 


Fig. S.— Bevel pinion gear. 


clutch in engagement. 
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It be thought that, in the case of a 

powerful engine, where the thrust may easily 
amount to 40olb. or more, it would be impos- 
Mble to get the clutches in and out of gear, but, 
as a matter of fact, this is not the case. The 
actual thrust being known, it is possible to so 
proportion the size and taper of the clutch faces 
that there is only a small margin of pressute 
over that at which the clutches would slip ; thus, 
a comparatively slight pull on the reversing lever 
sufhces to cause a certain amount of slip, there 
is at once a reduction in the thrust of the pro- 
peller, and so the gear can be taken out quite 
easily. This gear is perhaps as widely used as 
Hfiy at present on the market. In its original 
iofm it was rather heavy, and, in our opinion, 
look up more room than it should have done, but 
the new pattern which is now on the market 
represents a very great improvement on the old, 
l>eing compact and reasonably light. 

Friction Gear, 

We now’ come to a variation of the bevel differ- 
ential type, in which the gear wheels are re- 
placed by cones with grooves cut in their faces, 
as shown in the illustration (Fig. lo) and sec- 
tion drawing (Fig. ii). This gear is manufac- 
tured by Messrs. Simpson, Strickland and Co. 
under the name of “ Inder,” and the chief point 
aimed at in its design was to produce a simple 
and certain method of control that could be in- 
stantly brought into operation, which aim has, 
wc think, been fully attained. Keyed to the en- 
gine shaft (.\) is an internal cone clutch (B), 
which is bolted to the left-hand bevel spur wheel, 
the grooves on which are clearly shown and of 
which the number will vary according to the 
power to be transmitted. The propeller and 
shaft on the right carry an externally-faced 
clutch member (C), this being mounted on a 
squared |K>rtion of the shaft, and at the same 
time bolted to the right-hand bevel spur wheel 
(E); the spring (D), which is fitted with ball 
thrust collars at each end, ordinarily keeps the 
cone clutch (B, C) in engagement, and so gives 
an ahead drive. 

We will now consider the method of obtain- 
ing a reverse : on the after end of the casting 
(C) is a loose collar (F) carried on two sliding 


: ’ 
v'i 



Pi^. 9, -The gear with cover removed. 


rods (G), which engage at their after end with 
the reversing lever. When these rods are pushed 
inwards against the clutch spring, the two cones 
are disengaged and the propeller shaft is thus 
free. A further motion of the reversing lever 
carries the inner irn'inber of this clutch and the 
spur w'heel (E) still further tow^ards the left and 
engages the star pinions (H) of the differential, 
thus giving a reverse drive. These star pinions 
are mounted on pins (J), which are carried in 
blocks (K), leaving them freedom for small 
lateral movement. Thus, for the reverse drive 
the differential gear is, so to speak, squeezed, 
together. A comparatively small amount of 
pressure is sufficient to give the necessary grip 
for the reverse, and directly this is released the 
pinions disengage and the gear retiin?s to the 
neutral position, a further movement of the lever 
bringing the cone clutch again into operation 
for the ahead drive. 

We now pass to the, parallel pinion type of 
gear, the general principles of which, as already 
explained, are exactly the same as in the types 
just considered, though, naturally, there are 
for the ahead drive. 

A SeiFiocking Gear, 

Among the be si 
examples o f the 
parallel pinion type 
the “ Ideal ” gear* 
manufactured by 
Messrs. Dickinson and 
Hurne(see Fig. jz). Like 
the last-described gear, 
it does not depend in any 
way upon the propeller 
thrust for keeping in 
engagement, and, ther^^'t 
fore, the thrust block W. 
afuinstead of forward 
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fig. 8 —Section of B. and S. goar. 
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Fig. 10.— A bevel pinion friction gear. 


the gearcase. Like the Hesse and Savoi7 gear, 
there is a double cone clutch, the double-faced 
member (A) of which forms part of the gearcase 
(B), being bolted to it by spindles (C) ; the engine 
shaft (D) carries the driving pinion (E), which is 
connected to the pinion (F) through a train of 
parallel pinion gears, as already explained. 
These pinions are not shown in the illustration ; 
F is keyed to the tailshaft ((i), which also 
carries an externally-faced member (H), engag- 
ing with the double-faced member of the clutcli 
(A). For going ahead A is pulled forward b\ 
the reversing lever, and engages with H ; jthe 
differential gear is thus lock^ and revolves solid 
with the shafts going ahead. For going astern 
A is engaged with the outer clutch member (K), 
which is rigidly attached to the frame; the gear- 
case is thus held and a reverse drive is obtained. 
The arrangement of the reversing lever is rather 
interesting and provides a system for automati- 
cally locking the gear in whatever position it is 
put. The lever works in a recessed collar (L) and 
gives fore-and-aft moveffient to the rollers (M), 
which are forced apart by springs shown on the 
right of the illustration (Fig. 12) ; the rollers en- 
gage with toggles or bell-cranks (N), which are 
pivoted at O, and whose outer arms (P) engage 
with the spindles of the clutch member (A) giving 
it the fore-and-aft motion already referred to. 
From the shape of the inner arms of the toggles 
it is evident that a fore-and-aft motion of the 
rollers will gradually force the clutch either 
ahead or astern into engagement, and, further, 
that, either in the neutral position, full ahead or 
full astern, there is no inclination to throw in 
any particular direction. 

A Coll Clutch Gear. 

Another example of the parallel pinion type 
may now be considered. It is manufactured by 
the Coil Clutch Company, and, as the name im- 
plies, is remarkable rhiefly for the system of 


coil clutches employed in place of the more com* 
mon cone type. Referring to Fig. 13, A is the 
engine shaft and B the tailshaft, and, with a 
substantial thrust bearing (D), the pinions (E 
and E^) are keyed respectively to A and B, and it 
may here be noted that A is spigoted into B with 
a ball bearing between the two ; parallel pinions 
(G and G^) complete the differential gear in the 
ordinary way ; that is to isay, A drives G, G drives 
G^ Gt drives E^, G and G^ are carried in a 
case (F), which also forms a brake drum. At the 
forward end of the case another brake drum (K) 
is mounted on the engine shaft, and round it is 
a coil spring (L), the left-hand end of which is 
anchored to the case (K), the loose end to the 
right is just above the taper pin (O), and for an 
ahead drive this pin is forced by the reversing 
lever acting on the sliding collar (N) hard against 
this loose end, contact being preserved by means 
of the ton^e (M) ; the coil thus tightens up on 
the drum (K), and the whole of the gear being 
locked, an ahead drive is obtained; J, it may be 
mentioned, is merely an outer case intended to 
protect the coil clutch just referred to. For going 
astern, there is another coil clutch (H) operated 
by an arrangement of levers, shown dotted. 
One end of the coil (H) is anchored to the frame 
at the point (I), and the other end being tightened 
up outside of F, holds the case rigidly, and a 
reverse drive is obtained through the differential 
gear. 

Bpicycllc Gears, 

We will now pass on to the epicyclic type of 
gear, the principle of which is show diagram - 
matically in Fig. 14. The pinion (A) may be 
considered as keyed to the engine shaft, mesh- 
ing with it, and carried on a frame are star 
pinions (C), which also mesh with the internally- 
toothed wheel (B) keyed to the engine shaft. If 
the frame carrying C be held rigidly and A re- 
volved, it will be found that B will be driven in 
the opposite direction, giving a reverse motion* 



ng. 11. -“Section of "Indcr” rcTerse gear. 
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for TOing ahead ; the whole gear would be locked 
in the manner explained for differential gears 
and would revolve solidly with the shaft. 

® The Tbornycroft Gear. 

The Thornycroft reverse gear fitted by that 
(irm to nearly all their . 

boats affords an excel- 

lent example of the epi- nfe?! 

cyclic type, and, as will 0 xa 
be seen from the sec- H 

tional drawing, Fig. 15, 

its mechanism is ex- _ .iM J . a jZI_E 

tremely simple. The S J 

gear belongs to the ^ M 

variety in which the i 

thrust of the propeller is B 

utilised to hold the M - • - 
clutches in engagement, maiag^ 

and so the thrust bear- 

ing is forward of the J 

gear. There is the usual 

double-cone clutch arrangement, the double- 
faced member being keyed to the tailshaft and 
carrying also the star pinions of the epicyclic 
gear ; the inner externally-faced member t)f the 
clutch is keyed to the engine shaft, and the out- 
side of all forms part of the engine casing and is 
always held rigidly for an ahead drive, the 
double-faced clutch member is moved forward, 
and engages with the inner member carried by 
the engine shaft and also forming the internally- 
toothed wheel of the epicyclic train ; the gear is 
thus locked and gives a solid drive through the 
train of gears, the thrust of the propeller holding 
the clutch in engagement. For going astern the 
double-faced clutch member is pulled aft, carpr- 
ing with it the star pinions of the epicyclic train, 
but these pinions being very wide, of course^ re- 
main in mesh. Continuing the astern motion, 
the outer face of the clutch engages with the 
inner face of the external member, forming, as 
already explained, part of the rigid case. The 
trame carrying the pinions of the gear is, there- 
fore, held and a reverse drive is obtained. An 
excellent point that will be noticed about this 


Fig. 18.— A gear with eoil clutobes. 

gear is the extremely short distance between the 
i shaft centres and the great length of the spigot. 
In place of the usual direct-operating lever, a 
screw gear is employed, so that very great power 
can be obtained, and it is possible to so shape 
the clutches that there can be no possibility of 
slip, it being possible to take the clutch out 
against the full thrust of the propeller. It 
should, perhaps, be explained that in this gear 
the propeller shaft itself does not move fore and 
aft, the movable part of the gear being on a slid- 
ing key. 

Tbe Hela^Sbaw Qaan 

Lastly, we come to another epicyclic gear. 
This is an arrangement of multiple disc clutches 
in place of the cone type. 

The gear consists of an engine clutch, a re- 
versing clutch, and an epicyclic gear. The 
clutches are of the multiple disc t3rpe, with annu- 
lar V grooves in the discs, as will be seen in 
the sectional illustration (Fig. 16). These discs 
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Fig. 12.-The *‘Weal»' ge«r. 
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Site Salternately keyed to the outer casing of the 
clutch and to a boss on the shaft to be driven. 

XfwBjf are kept forced into engagement by 
means of powerful springs, and, when the clutch 
lever is withdrawn, thus relieving the master 
springs (as they may be called), the several plates 
are separated from one another by small clip 
springs attached to each, in which position the 
tivo sets of plates or discs are free to revolve in- 
dependently. 

The whole clutch case is charged with oil, and 
there is a considerable amount of slip between 
the plates when first the clutch is let in, thus 
making it very sweet, so sweet, indeed, that it 
is almost impossible to say exactly when the full 
drive is taken up. 

Referring to the illustration, the engine 
clutch (EC) is used simply to connect the engine 
shaft with an intermediate shaft carrying a 
pinion (EG). The outer member of the revers- 
ing clutch (RC), carr3dng one set of plates, is 
keyed to the tailshaft, and the inner boss, carry- 
ing the other set of plates, is keyed to the in- 
termediate shaft. To go ahead, therefore, it is 
only necessary to put the clutch (RC) into 
engagement and let in the engine clutch, when 
a solid drive ahead will be obtained. The pinion 
(EG) meshing with the planetary pinions (P) of 
the epicjrdic gear carries round the outer casing 
(BD), since the internally-toothed drum (IG) of 
the gear is bolted to the case of the clutch (RC) 
and must revolve with it. To go astern, the re- 
versing lever is pulled aft, thereby first dis- 
engaging the clutch (RC) and giving a neutral 
position ; a further movement applies a band 
brake to the gearcasc (BD), which is thus held 
fast. The intermedi^ite shaft driven by the en- 


a time. In the original gear this slip was going 
on all the time the boat was running ahead^ and 
the clutch used to get fearfully hot, and in more 
than one case seized up altogether. But ndw 
that this trouble has been eliminated, it must 
certainly be classed among the best gears yet 
devised. 

A Belt Reverse^, * 

This brief review of reversing gears may now 
be brought to a close with the consideration of a 
tyix‘ that we personally consider equal to any on 
the market, though it has been comparatively 
little used, and it is certainly as simple and cheap 
as any that could be devised, and at the same 
time quite up to the comparatively small amount 
of work that a reverse gear is called uix>n to 
fierform ; we refer to the endless belt reverse, 
the principle ot which is illustrated herewith. 
Fig. 17. In the right-hand portion of the figure 
A and B are pulleys mounted respectively on the 
engine and tailshafts, and in practice there 
would be a clutch between them. Overhead are 
jockey pulleys (C) arranged as shown. Starting 
from A, a belt runs over one pulley (C), down the 
other side of it, round B and up the other side 
over the other jockey pulley, thence down aj^ain 
and underneath A. If this arrangement of the 
belt be followed out, it will be found that a 
reverse drive is obtained between A and B. For 
driving ahead, the clutch betw^een A and B is, of 
course, engaged, and the jocke\ pulleys are 
allowed to drop, thus leaving the belt quite slack. 
To put in the reverse, the clutch is, of course, 
taken out and the jockey pulleys merely raised 
to tighten the belt. For simplicity, lightness and 


gine through the clutch (EC) then rotates the 
planet wheels on their own axes, and these drive 
the member (IG) in the opposite direction. This, 
it will be remembered, is bolted to the outer cas< 
of the clutch (RC), which is keyed to the tail- 
^aft, and, therefore, gives an astern drive. 
This gear runs ,as smoothly as any on the mar- 
ket, and its only weakness lies in the fact that 
w’hen going astern the two sets of discs of the 
clutch (RC) are revolving in opposite directions. 
This sets up a good deal of friction, but it is 
not, perhaps, of very much consequence, as the 
reverse has only to be used for short periods at 
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Pig. 18.— Hele-Shaw grooved plate-clutch reversing gear. 


cheapness such a reverse is hard to beat, and it we have also come across it in one or two of the 
is a surprise to us that it is so little used; it is old Mercdd^s racing boats, and also last year in 
made use of bv the Bergius Engine Co., and “ Defender” and else\^bere. 
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Reversing Propellers. 


The third method of reversing the boat con- 
sists of altering the pitch of the propeller, or, 
in other words, in converting a right-handed 
propeller into a left-handed one, or vice vers^, 
and all reversing propellers, as they are called, 
are modified arrangements for producing this 
desired effect. Of patterns of reversible pro- 
pellers there are an almost unlimited number, 
but the principle of nearly all is the same. The 
propeller shaft carrying the boss is hollow, and 
passing down it is a rod that rotates with it, but 
is capable of movement in a fore-and-aft direc- 
tion, the end of this rod being attached to the 
mechanism that shifts the blades. Alternatively, 
the shaft may be solid with a sleeve over it. 
The mechanism varies', of course, in every de- 
.sign, in some cases consisting of toothed gears, 
in others of slotted discs, with which pins on the 
roots of the blades register. The great object 
to aim for in any design is to obtain a sufficiently 
strong rcK>t to the blade. Most of them seem 
strong and rigid when new, but unless the de- 
sign be a very good one age produces a great 
deal of shake, and the efficiency of the propeller 
is much impaired. Broadly speaking, deep 
roots with wide collars set in large bosses will 
flaturally give the best proiK*lIor from a mechani- 


cal point of view, but, on the other hand, a large 
boss does not make for efficiency, and every 
design must, therefore, be a compromise to some 
extent. In the actual reversing mechanism the 
great points are, of course, to obtain a good 
mechanical advantage, combined with absence 
of backlash, while it should be, so far as pos- 
sible, irreversible. 

Probably the first practical motor-propelled 
vessel in this country, a boat placed on the 
water by Messrs. Priestman, was equipped with 
a reversing propeller, and the number of these 
propellers placed on the market during the last 
few years is astonishing, as also is the variety 
in their design and construction. Perhaps 
the greatest obstacle that designers have had to 
contend with is the fact that owing to the lead- 
ing edge of the propeller blade receiving a 
greater reaction or thrust from the water than 
the terminal edge, there is always a tendency for 
the propeller blade to rotate on its axis or in- 
crease its pitch. Anyone who has ever had to 
handle a reversing propeller actuated by a lever 
will have noticed the tendency there is for the 
lever to anticipate the operator, and fly full ahead 
or full astern, whichever way it is being directed. 

The effect of this is that the propeller will 
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take advantage of all back-lash, so that it is 
pi^actically impossible for tlie propeller to be set 
at its neutral position. 

This tendencj^ can be to a certain extent ob- 
viated by curving^ the surface of the blade, so 
that the pressure is approximately equal on both 
terminal and leading edge, but this unfortu- 
nately aggravates the fault in the astern posi- 
tion. 

There arc other sources of weakness which 
will be explained as we describe some of the 
types. 

An Early Form, 

It will be observed (Fig. i) that this propeller 
has two blades, whose axes coincide, and w’hose 
shanks are fitted with pinions, which pinions 
mesh with two racks that are actuated in a fore 
and aft direction by means of a sleeve sliding on 
the propeller shaft. 

(A) is the propeller shaft that is keyed to the 
engine, and which terminates, in the case of .1 
right-handed engine, in a left-handed thread (C), 
by which means it is secured to the propeller 
boss (B). Enveloping the shaft (A) is a sleeve 
or tube (D), secured to and actuated by a collar 
( W), which engages in a lever (X) and trunnion 
(Y), which sleeve is secured by means of a right- 
handed thread to a plate (E). This plate carries 
the two circular racks (F), and holes are pro- 
vided in the boss (B) to lead these racks so that 
they mesh with the pinions, which are formed 
on the blade shanks. 

The engine rotates the shaft (A), which rotates 
the boss (B), which in turn, through the rack 
fork (FE), rotates the sleeve (D), and it will be 
noticed that both D and A are carried in the 
stern bearing (Q). 

It should be quite clear that the action of 
moving the sleeve, and, therefore, the rack fork 
fore and aft, will have the * effect of 
rotating the blades (G) in the same virtual 
direction, but, of course, the movements arc 
opposed in relation to each other. The blades 
are secured in the boss by means of a split screw” 
collar (M), which, bearing on the outer edge of 
the pinion, prevents the blades from being forced 
outwards. It will be noticed that this forma- 
tion provides a substantial shoulder bearing and 
shank bearing, and that a small spigot (Jj fur- 
ther helps to support the blade. 

Avery excellent feature in connection with this 
gear consists of the sleeve (TU), which is 
screwed on to the stern bearing (Q), and forms 
a stuffing box (V), while the projection (U), en- 
veloping as it does the propeller boss itself, albeit 
it is a slack fit, takes up any undue strain that 
mav be imparted to the propeller, and as it is 
stationary, to a certain extent prevents the col- 
lection of weeds. 

The stop (a) w^hich prevents the sleeve being 
thrust further than is desired, is made necessary 
by the fore-mentioned tendency that these pro- 
pellers possess to set themselves as far ahead 
as possible. In this case, the sleeve travels up 


until it is arrested by the stop (a), which retievei^ 
the bearing (W) and lever (X) of all twrtlifif" 
strain. 

A great disadvantage of the reversing pro- 
peller is that, owing to the fact that the direction 
of rotation cannot be reversed, it is somewhat 
difficult to remove weeds which may have aecuh* 
mulatcd, and therefore a reversing prop^ler is 
not at all desirable in weedy waters. 



Fig. 3. 


As an example of the field there is for in- 
genuity in connection with reversing propellers, 
we illustrate (Figs. 2 and 3 ) a propeller which 
consists of two blades screwed into a split boss 
by means of a coarse pitch thread, and distanced 
by means of a rod screwed right and left hand, 
and provided in the middle with a rack, this rod 
being placed co-axially with and screwing into 
the two blades. This spindle is operated by a rod 
terminating in a rack passing through a hollow 
shaft, and any movement of this rod will rotate 
the spindle and move the two blades in a centri- 
fugal or centripetal manner, and, by means of 
the coarse threads on their shanks, will cause 
them to rotate. 

It will be fairly obvious, owing to the 
very great strains that will be encountered, and 
the large amount of movement of the blades a 
very small quantity of back-lash will allow, that 
this construction might be modified to some ex- 
tent for prolonged use. 

From what has been said it will be seen that 
reversible propellers are wrong in principle from 
a mechanical point of view, but that tnert are 
certain classes of vessel in which they arc prefer- 
able to a solid propeller and reversing gear, 
namely dinghies, where a reversing gear, 
besides taking up a lot of rpom, might be out of 
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ull proportion to the rest of the boat so far as ex- 
pense is concerned, and auxiliary craft which, 
when under sail, must be able to feather their 
propellers or a very heavy drag will be set up. 

An . Open Boss Propeller. 

An example of a simple open boss type of re- 
versing propeller is. next illustrated (Fig. 4). 

The propeller boss has circular recesses cut on 
either side, into which flanges on the roots ot the 
Wades fit ; a short spindle with screwed ends 
passes through the boss and also through the 
flanges, which are kept in position by nuts done 
up just tight enough to prevent shake without 
causing the blades to bind on the boss. There is 
a pin on the inside of the blade flange, and near 
the circumference, which engages in a slotted 
disc inside the boss. This disc is attached to a 
sliding shaft inside the tail-shaft, the latter being 
hollow, and, as this inner shaft is moved fore 


and aft, the slotted disc carries the blades round 
through a certain angle. The arrangement is 
very simple, cheap to manufacture, and for the 
type of boat for which it is intended, perfectly 
satisfactory. For high powers it is manifestly 
unsuitable, for wear of the parts would be very 
rapid under a heavy strain, and the blades would 
become very unsteady, having only one flange 
each to support them. 

Closed Boss Construction. 

Of the closed boss type there are several varie- 
ties, though the general principle of a recipro- 
cating motion between shaft and boss is com- 
mon to practically all, and the two makes most 
in evidence mav now be dealt with. 

In the first (Fig. 5) the boss is halved and hol- 
lowed out internally. The blades are held in 
bearings formed in the two halves, and have 
flanges equal to about a quarter of the blade 
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length inside the boss. The blades are free to 
rotate, and between them is fixed a rectangular 
block carrying pins which fit into slotways cut in 
the blade flanges. The block can be moved in a 
fore-and-aft direction by means of a rod passing 
through the centre of the shaft, which is hollow. 
A suitable contrivance inside the boat transmits 
the movement to this rod from the lever, and it 
will be readily seen that any movement imparted 
to the block in a longitudinal direction produces 
a corresponding movement of the blades. 

The features of the above design are the sim- 
plicity of the boss and rigidity of the reversing 
mechanism. The blade bearings are flat, and 
prevent the possibility of the blade cornering. 
The propeller shaft is not slotted to take the 
reversing mechanism, but a special hollow cast- 
ing is used which does not impair the strength 
of the shaft. Two screwed spindles connect the 
cross-piece in this casting to the sleeve, which 
have lock-nuts serving the double purpose of 


reversing propeller, were it not for the stresses 
produced by the turning moments of the water 
pressure On the blades W'hen the motor is driv- 
ing. The success of the propeller depends en- 
tirely upon the correct balancing of the blades, 
combined, of course, with a suitably constructed 
inboard gear, so that the water pressure is equal 
on either side of the blade. Too much area on 
the leading side causes the blade to jump forward 
from neutral to ahead or astern, while too much 
area on the following side of the blade will give 
it a tendency to go into the neutral. In the 
latter case also, heating of the reversing gear 
will ensue, as the pressure will not be thrown ort 
to the thrust-block, but will be taken on the 
sliding sleeve. This fact seriously handicaps 
the designer of reversing propellers who aims at 
maximum efficiency, and it accounts for the 
“ wheels ” without any pretence to design that 
the market was once flooded with. Nevertheless, 
the revejsing propeller has a wide scope of 



regulating the pitch and transmitting the pres- 
sure of the blades from the inner rod to the 

thrust-block. .... , . t-. ^ , 

Another design is illustrated in Fig. 6, the 
distinctive feature of which is the long block or 
prilin in the boss. The purpose of this is to 
give the blades a complete bearing at whatever 
position the block may be in. It will also be 
noticed that the blades are dome-shaped at the 
roots, by which a more lasting bearing is 
claimed. The reversing mechanism is extremely 
simple, the shaft being slotted and a sliding 
sleeve fitted over the slotway controlling the 
cross-piece. The range of the propeller is 
limited by stop collars on the shaft, which, as 
in the case of the other propeller, also serve to 
take the thrust from the blades. 

As far as the moving of the blades is con- 
cerned the system is perfection, and there would 
be no question raised as to the efficiency of the 


utility. The ability to adjust the pitch renders 
the reversing propeller more efficient for cases 
where trials with solid propellers of different 
pitches are not possible. In large installations 
the strain when reversing is enormous, and for 
this reason a clutch must always be fitted, and 
it is certainly a great advantage even in a boat 
of small power. 

Another propeller in which the boss construc- 
tion is modified is instructive as showing another 
wav of applying the same principle. fiSich blade 
7) has the usual double flange at its rodt 
to hold it in the boss, and in addition carries a 
short crank^m with a stud or crank-pin at its 
end, so that, by rotating this pin, the blades ean 
be feathered. The feamerinp^ is effected as fol- 
lows : The propeller shaft is hollow, and con* 
tains a rod, squared at the end, which can be 
moved fore and aft by an ordinary control lever* 
The squared end of this shaft is iitside the bosf 
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of the propeller, and, of course, rotates with it, 
and has, moreover, diagonal slots running across 
its opposite faces. The studs on the crank-arms 
of the propeller blades engage in these slots, and 
as the shaft is moved fore and aft the blades are 
worked through an angle sufficient to give a full 
pitch ahead and astern. The above description is 
applicable to a two-bladed propeller, but exactly 
the same principle could be applied to a propeller 
with three blades, it being only necessary to 
sutetitute a triangular for a square-ended mov- 
able shaft. 

The mechanism is very simple, and prac- 
tically cannot get out of order, besides which the 
interior of the doss is made extremely accessible. 

It is split longitudinally for rather more than 
half its length, starting from the after-end, and 
across a diameter which passes through the roots 
of the blades, so that by removing the loose part 
of the boss the blades can at once be taken clear 
away. To secure the two parts of the boss 
there is a large screw cap on the after end, fitting 
right over the ends of both portions, while the 
forward end of the loose section is kept in posi- 
tion by slightly under-cutting the main piece of 
the boss and fitting the loose piece into it. 

Closely allied to the reversible propeller is the 
variable pitch type, the object of which is to 
provide a means for adjusting tfee pitch of a 
propeller to suit varying requirements. This 
adjustment, of course, has to be done when the 
vessel is out of the water and the propeller 
Stationary; it cannot therefore be classed as a 
reversing propeller — in fact, it is not intended 
to reverse; but the arrangement is very useful 


7 . 

for trying the effects of different pitch. With 
the addition of interchangeable blades of dif- 
lerent areas, its scope for testing purposes may 
be considerably increased (Fig. 8). 

The shank of the propeller blade carries a 
crank-pin, which engages in a fork, which fork 
can be moved fore and aft by rotating a specially 
formed nut arrangement in the end of the pro- 
peller box. This same principle, however, is in 



Fig. 8. 


many instances made use of for reversing pro- 
pellers by using instead of the aforesaid nut a 
rod or sleeve actuated from inside the boat to 
operate the shaft. 

Yet another distinct method of reversing a 
propeller consists in arranging the actuating 
rod in the hollow centre of the propeller bracket, 
this rod beinp^ worked from the engine room 
through a senes of other rods and bevel wheels. 
This system obviates the necessity for a double 
propeller shaft, but the introduction of bevel 
wheels increases the back-lash, and it is slow in 
operation. 
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NOTES ON MACHINERY INSTALLATION. 

Points to Remember. 


The motor should be of first-class design, 
workmanship, and material throughout, and this 
can only be guaranteed when it is obtained from 
a maker of experience and high standing, who 
has a reputation to lose in the event of failure. 

The principal points to be desired in a marine 
motor are reliability and steady running, mode- 
rate revolutions, ample width of arms on crank- 
case to be bolted to the bearers, lowness of 
weights, compactness of design, absence of all 
unnecessary springs and tricky fittings likely to 
rust up or go wrong when exposed to the wea- 
ther, ease of access to all parts for inspection and 
repair, and, above all, an efficient reversing gear 
and clutch, or a reversible bladed propeller, with 
efficient lever or screw mechanism, which will 
not fly from full ahead to full astern whenever 
the lever is moved. 

The question of installation is greatly de- 
pendent on the purpose for which the boat is to 
be used, but we may take it as an essential in 
all cases that the installation should be carried 
out by someone who is thoroughly conversant 
both with marine work and with the particular 
motor in question. Special attention should be 
paid to lining up the shaft and to the bending 
and lead of all piping and connections. None but 
proper screwed cone-faced unions should be used, 
and the tanks should be of copper, brass, or gal- 
vanised steel with well-made joints, all holes for 
filling plug and fittings being properly re-in- 
forced. If the tank is of large size and for sea 
work, strong baffle plates should be fitted, to 
prevent the fuel washing about in the tank in 
a sea. 

All piping, batteries, and wires should be well 
protected, both against weather and against 
chance blows, and the motor itself should be 
properly cased in, except in the smallest dinghies. 
Drip trays should be fitted under the motor and 
carburetter to catch any oil or fuel leakages, and 
efficient circulating pumps with properly ar- 
ranged suction inlets are a necessity. 

How to Avoid Sources of Trouble. 

Always carry an ample supply of tools. 

Don’t use rubber jointing in any form. 

Sooty valves indicate too rich a mixture. 

Always carry a fire extinguisher of some kind. 

Water-cooled or funnel exhaust is the best to 
adopt. 

Use soap to stop a petrol leak ; it is far better 
than red lead. 


Always insist on having a tail-shaft with i% 
board stuffing box. 

Don’t use a plain eccentric pump for the water 
circulation on fast-running engines. 

Firing back into the induction pipe is caused ^ 
by weak inlet valve springs. " f 

Loss of compression is often due to the ca- 
haust valve stem seizing in its guide. 

In the low-tension make-and-break system the 
break should not exceed Jin. 

Uneven running in a two-stroke engine usu- 
ally denotes an insufficient supply of fuel. 

A weak battery or cool combustion chamber 
will produce practically the same effect. 

It is not good practice to pump greasy bilge 
water through the cylinder jacket. 

Do not give a reversible propeller its full pitch 
if doing so causes the engine to labour. 

Don’t put more oil in the crank case than is 
sufficient to just touch the big end of the con- 
necting rod. 

A bad joint at the cylinder head may some- 
times be cured by the use of sheet lead packing. 

Trouble with an Eisemann magneto is usu- 
ally due to the make-and-break adjusting screws. 

Some plugs spark properly outside the cylin- 
der, but may yet prove defective when under 
compression. 

Do not choose an engine with a long stroke 
unless it runs at slow speed, as the vibration 
is excessive. 

In stopping a petrol motor, use the switch. 
In stopping a paraffin motor shut off paraffin at 
the main cock. 

Do not let any of the ignition apparatus get 
damp, and do not use a higher voltage battery 
than the coil is designed for. 

A petrol gauge is sometimes a cause of 
trouble through leakage, but when well fitted 
will generally be found very handy. 

Nearly all motor troubles arise from the most 
simple causes. So per cent, of faults being with 
ignition and fuel supply. 

Do not use a silencer which has small holes 
in it, unless it is easily accessible ; they are sure 
to require an occasional clean out. 

Broken valve heads should not be able to 
reach the piston ; the valve pockets should be ^ 
designed as to make this impossible. 

Don’t use a plug or stop-cock for petrol; use 
a screw-down needle-valve, and have a vent-OOck 
fitted to the petrol tank if gravity feed is 
ployed. 
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Use copper petrol tank in preference to 
me of galvanl:ae<l iron, as the zinc *is liable to 
►cale off the latter and choke the spraying jet 
►f the carburetter. 

All fuel pipes should be of best solid-drawn 
opper tube. Put an efficient strainer in the fuel 
upply pipe; it will save much inconvenience 
nd delay from stoppage. 

Use strongly made unions ground to an accu- 
ate fit; if washers are required, leather should 
e avoided; vulcanised fibre, or, failing this, 
beet lead, is more suitable. 

A useful fitting is an electric lamp of low volt- 
ge type. It is very economical in current 
onsumptlon, and two 4- volt cells will light a 
imp 01 yc.p. ; the light is white and penetrat- 
ig ; 4«volt lamps of 3C.p. can also be obtained. 

In Commission. 

Always carry spare plugs and other parts likely 
> require replacing in a hurry, also a good kit 
f simple tools. 

See that your boat has efficient circulating 
umps, and that the sea-cock or inlet is easily 
Bcessible for the removal of weeds, etc. 

A metal tray should be placed under all marine 
lotors to prevent the waste lubricating oil and 
iakage from the carburetter getting into the 
ilge water; this is especially necessary in the 
ase of petrol motors fitted with carburetters 
^hich are liable to overflow at times. 

See that there is plenty of fuel in the tank 
efore starting on a run, and that the fuel cock 
s open before tr}dng to start the motor. These 
re such simple matters that they escape the 
fOtice of many people more frequently than 
;ouId be supposed. A float gauge in the tank 
i very useful. 

All but the smallest motors should be fitted 
dth a thoroughly efficient clutch if the boat is 
itended for use on a river where there is much 
raffic and locks are crowded. Indeed, a clutch 
» very useful even on boats for sea work, 
Ithough in many cases they are not so fitted, 
nless of high power. 

If you have no strainer fixed in the filling hole 
f the fuel tank, fix a piece of fine copper gauze 
a the funnel through which the petrol or paraf- 
[n is poured into the tank, also arrange some 
arm of water trap to prevent any water which 
tiay have got into the tank being drawn off 
dth the fuel into the carburetter. 

It should be remembered that a marine motor 


is nearly always running on its full foad».co«l^^ 
quently the strains and wear and tear simtw 
to those which would be experienced in a cat 
if it were to be run uphill all day. For this 
reason, all parts of a marine motor require to be 
stronger in proportion to the power than the 
usual car practice. 

Avoid very light fast-running motors for 
cruising and general purposes, as these engines, 
while possibly very suitable for racing boats,, 
are quite unfit for ordinary marine work, both 
on account of their liability to get out of order 
when subjected to heavy strains and rough work 
on a boat, and also because high engine speeds 
are not conducive to the greatest propeller effi- 
ciency unless combined with a corresponding 
speed through the water on the part of the boat. 

Aluminium soon corrodes in sea air, perhaps 
even more rapidly when exposed to the air and 
spray than when it is actually submerged in salt 
water. Copper, in conjunction with aluminium, 
increases the corrosive action of the salt air and 
water. In view of this quality in the metal, it 
should be avoided as much as possible in all 
motors intended for sea work, but where it has 
to be used, as in the case of racing boats, it 
should then be well coated with some paint or 
enamel, which is practically impervious to air 
and water. 

Test your accumulators frequently, and be 
sure that they are sufficiently charged, or in the 
case of magneto ignition, see that the magneto 
is running properly, and is not over-lubricated. 
In either system, overhaul the wiring and plugs 
to see that a good spark is being produced. Do 
not forget that in motor boats used on the sea, 
great trouble frequently occurs through rust and 
corrosion of various parts of the finng system 
owing to the damp salt air ; also short-circuiting 
is more common from spray, etc., than in the 
case of river boats. 

A good marine motor for ordinary purposes 
should have ample width across the bearer arms 
to clear the flywheel, and thus enable the engine 
bearers in the boat to be carried right fore and! 
aft. The want of this is a very serious fault 
in many of the American two-stroke motors 
which have flywheels projecting beyond the in- 
side width of the bearers, consequently, the latter 
have to be nearly cut asunder to obtain sufficient 
clearance. A wide base is also desirable on 
account of its extra stability, and the decreased 
vibration resulting therefrom. 
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ELECTRIC IGNITION. 


In the engine section of this manual, the neces- 
sity for providing some means of igniting the 
explosive mixture in the cylinder was explained, 
and it will be remembered the four-stroke 
engine required some appliance to operate every 
other revolution, while two-stroke motors must 
have their charge ignited every revolution. In 
consequence of this, diHerent timing arrange- 
ments have to be made for the two classes ot 
engine, but as the four-stroke motor presents 
far the greater number of difficulties, all ensuing 
diagrams, etc., are for this type, and once the 
principles of ignition applied to these engines 
ar^ thoroughly mastered, there will be no diffi- 
culty, wdth the help ot some short notes at the 
end of this section of the Manual, in dealing 
with two-stroke motors. There is one other 
point that requires explanation ; mention has 
been made in the engine section of \arious forms 
of hot tube ignition, and as these have been 
described individually, they will be ignored here 
and only electric ignition wall be dealt with. 

There are tw'o great sub-divisions of electric 
ignition, high tension and low’ tension. The 
high-tension system depends lor its igniting pro- 
perties on a jump spark, crossing a spark gap 
inside the cylinder, w hile the spark of the low- 
tension system is produced by suddenly inter- 
rupting a current flowing between contacts in- 
side the cylinder. 

The high-tension s>stem wall be dealt with 
first, and a synopsis of the accessor}^ fittings 
used in connection therewith is appended. First 
there is the accumulator, from wdiich the elec- 
tricity is obtained, then an induction coil or coils 
to convert the low’ -tension current provided by 
the battery into high-tension current, a spark- 
ing plug to conduct the current to the spark gap 
inside the cylinder, and finally the various means 
adopted to so time the flow’ of current to the 
coil or coils that a spark is obtained at the re- 
quired moment in the cylinder. 

Then, again, a sub-division is necessary to 
deal with the magneto, a device designed to 
generate electricity and so to dispense wdth the 
accumulator , 

Befoi’e proceeding further, an explanation of 
a few electrical terms that are in constant use 
is necessary. 

The volt is the unit of electrical pressure, cor- 
responding more or less to the pressure of steam 
in a boiler or steam engine ; it is usually denoted 
by fhe symbol V. 

The ohmj written R, is the unit of resistance 
to the flow of an electric current. An ordinary 
telegraph wire has a resistance of roughly one 
ohm per loo yards. 

'IThe ampere, denoted by the letter A, is the 
unit current, corresponding to so many gallons 


of water per hour. The strength of the current- 
in any circuit varies directly as the voltage and 
inversely as the resistance, and an ampere is the 
current that one volt can send through a re- 
sistance of one ohm. The above is known 'as 
“Ohm’s law,” and may be expressed symbdU 

cally as C = — or V = CR. By aid of this 
R 

formula, it is possible to calculate either voltage, 
current, or resistance if the other two are 
known. Thus, if we wish to send a current of 
five amperes through a resistance of half an 
ohm, we have : — 

V = 5 X i = 25 volts. 

To give some idea of the magnitude of the 
quantities dealt with in ignition circuits, it may 
be mentioned that the resistance of an aver- 
aged sized accumulator is about 0.2 ohm, and 
that the current taken by an induction coil is in 
the neighbourhood of 8 amperes. The voltage 
at the high-tension terminal of a coil is about 
30,000 or 40,000 volts, sometimes even more. It 
requires 70,000 volts to produce a spark an inch 
long. 

The amphre-hour is the unit of quantity of 
electricity and is applied to accumulators to 
express their capacity. For instance, a 2oa.h. 
accumulator means that a flow of i ampere can 
be obtained for 20 hours — or any other two 
multiples, provided that the ampereage is not so 
high as to buckle the plates. 

Blectro-cbemicml Sources of CurreoL 

There arc two distinct classes of electric bat- 
tery from which current may be obtained, 
namely primary batteries, and secondary bat- 
teries or accumulators. The first class consists 
simply of two electrodes and of certain chemi- 
cals, which, when the electrodes are joined to- 
gether electrically, start various chemical 
actions, with the result that the chemical energy 
given up in the process reappears as electrical 
energy. After a time the chemicals in the cells 
become changed and inactive, and the battery is 
then only of use after recharging, and it is h€«f 
that the difference between a primary battery and 
an accumulator becomes apparent, for the 
latter, though it converts chemical into elec- 
trical energy in precisely the same w^ay, is re- 
versible in its action. Thus if a current is 
passed through an exhausted accumulator in the 
reverse direction to that in which the accumu- 
lator gave out its current, the electrical energy 
will be converted into chemical energy, and the 
plates and electrolyte of the accumulator will 
Teturn to the same chemical condition as existed 
before the cell was discharged. * 


M 
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Dry Batteries. 

* Primary batteries for ignition purposes are 
tx^de in what is called the “ dry '* form simply 
lb avoid the mess made by liquid slopping out 
'from the ordinary type, and ior convenience of 
storing, for dry cells can be put in any position 
without injury. There are several different makes 
of dry batteries, but all consist of an active elec- 
trode of zinc (to which the negative terminal is 
eonnected), in contact w'ith a mass of plaster 
of Paris soaked in a solution of sal ammoniac 
or zinc sulphate, which serves as the electrolyte, 
and a positive or non-active electrode, usually of 
carbon, to which is connected the positive ter- 
minal of the cell, and this electrode is usually 
buried in a mass of manganese dioxide, or other 
“ depolanser,*^ according to the chemicals em- 
ployed in the cell. When the terminals of such a 
cell are joined together, an electric current is 
genei;:ated, owing to the zinc dissolving in the 
electrolyte— the reason of this is beyond the 
scope of the present work. Hydrogen gas, due to 


dectrolysis of the electrolyte^ is formed, and eolL 
lects at the positive elective, and, gas balng W 
insulator, it would quickly stop the current, 
which is technically known as ** polarising,” 
were it not for the absorbing or depolarising ” 
action of the carbon or other depolariser sur- 
rounding the electrode. 

As a matter of fact, more or le.ss polari^tion 
will always set in if any attempt is made*^ to 
take a steady current from a dry battery for any 
length of time, and for this reason such a celPU 
better suited for a single-cylinder engine than 
for, say, a six-cylinder motor, where the current 
IS required almost continuously. 

A dry battery only gives about 1-.2 volts, and 
has a high internal resistance, usually about 4 
ohms in an ordinary sized cell, and for this 
reason six cells should be coupled in series to 
give as much current as an accumulator. 'JThe 
chief use of dry cells is as a standby in case the 
accumulator runs' down out at sea, for a cell, 
stored in a dry place, will keep for months. 


Accumtdators. 


Though the construction of accumulators 
varies considerably in detail, practically all cells 
follow the same general principles, a lead frame, 
usually a grid, serving to support the active 
material of the plates, llie positive plates are 
coated with red lead, and the negative with 
minium, a lower oxide of the same metal. The 
plates being immersed in a dilute solution ot 
sulphuric acid, both positive and negative may 
be considered as being reduced to lead sulphate, 
the acid being thereby weakened. This ac- 
counts for the drop in specific gravity of the 
acid which, in a fully-charged cell, should be 
about 1,130 to 1,200, as read by means of a den- 
simeter. On charging a cell the positive plates 
again become lead oxide, while the negative 
plates are reduced to spongy lead, the sulphur 
previously taken up being returned to the elec- 
trolyte and increasing the specific gravity. 

Tnese chemical actions change the volume of 
the paste in the grids, and it is when these 
changes take place too rapidly that buckling of 
the plates occurs, owing to the sudden strains 
set up; which accounts for the necessity of 
neither charging nor discharging cells too 
rapidly. Concerning the rate of discharge, little 
need 1^ said, since the capacity of cells is made 
suitable to supply the current taken by the coils, 
ana, beyond avoiding short-circuiting his cells, 
the user need not consider the matter. The 
charging rate is, however, a point that generally 
has to be settled by the motorist, and a simple 
rule is therefore appended to enable the neces- 
sary current for any cell to be determined— 
0UOW a current of six amperes per square foot 
of positive plate surface. 

This rule will give a moderately fast charging 
rate, which might with some cells be exceeded 
by as much as 50 per cent., but by always using 


thij> strength of current the life of the accumu- 
lator will be considerably lengthened, in mak- 
ing the calculation both sides of each positive 
plate must be taken into account, but the plates 
of one cell only, not the total number of positive 
plates in the two cells, going to make up a four- 
volt accumulator. 

Assume the plates of a cell measure 5in. by 
yin., and that there arc* three positive plates in 



Fig. 1 .— Two-cell accumulator. A, terminals: B, conuec- 
tion between two cells ; 0. vent plugs. 

each cell, then the conect charging current will 
be : — 

5 X 7 X 2 X 3 

X 6 = 8.75 amperet. 

M4 

Usually the most convenient way of charging 
is off an ordinary electric light circuit, using the"^ 
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a» resistances. To ascertain the correct 
fliWrtbcr and arrangement of lamps to be 
a<topted, the voltage* of the circuit must be 
known, and also the candle-power of the lamps 
used. 


aoo vetT# 



' Tig. 2.-"Coimectlon8 for accumulator charging from 
lighting mains. 


To find the current through any lamp, the 
candle-power of the lamp must be divided by the 
voltage and multiplied by 4. The reason for this 
is that a carbon filament lamp takes 4 watts 
per candle-power (this figure is considerably less 
in the special filament lamps), and a watt is the 
unit of power, being equal to C X V. Suppose, 
for example, a number of 16 candle-power lamps 
are available, and that the pressure of the circuit 
is 200 volts, then the current taken by each lamp 
16 X 4 

will be 0.32 ampere, so that to obtain 

200 

a current of 8.75 amperes it would be necessary 
8.75 .. ^ . 

to use 27 lamps side by side, or “in 

0-32 

parallel.” This is obvioush an inconvenient ar- 
rangement, and it would probably be simpler to 
use half the number of 32 candle-power lamps 
(say 14), which would, of course, give the same 
tothl resistance, or to use an altogether smaller 
current (which will do no harm whatever to the 
accumulator), and take a longer time to charge 
the cells. Assuming, however, that the full cur- 
rent is used, it would possibly be unsafe to take 
it from a small branch circuit in the house, ow- 


ing to the wires installed not being thick 
to carry the current, and it is better to make , 
connections, if possible, at the main, or, 
that, on the most heavily-wired branch 
in the house. It is not in any case advisablh^ 
tor anyone quite ignorant of electrical miatters to, 
make his own arrangements without help; buf 
any wireman would do all that is requif^. ' f 

It is essential that the positive pole (or 
nal) ot the accumulator be connected, throogh’’ 
the lamps, to the positive of the house circuit* 
and to this end the polarity of both must be 
certained. In the case of the accumulator thi# 
presents no difficulty, since the positive plates are 
chocolate in colour, and the negative grey ; in 
addition to this, it is a practically invariable 
practice to paint the positive terminal red. 

To find the j>olarity of the house circuit, wires 
from the two terminals may be dipped in a 
glass of acidulated water, when bubbles of gas 
will be seen to ascend from the ends of the wires, 
a considerably greater volume of gas c'omiog 
from one than from the other. The wire from 
which most bubbles rise is the negative. An- 
other method of finding the polarity of the cir- 
cuit is by the use of ]X>le-finding paper, obtain- 
able from most electricians, which, if damped 
and held across the terminals, will develop a red 
stain at the negative pole. 

There are several ways of telling if an accu- 
mulator is fully charged, perhaps the most re- 
liable indication being the escape of a great deal 
of gas from the electrolyte or acid. The specific 
gravity of the acid, as given by a densimeter, 
IS also a good method if the acid is of exactly 
correct strength, but a more reliable indicator 
is the ordinary voltmeter, which should read 
about 2.3 volts per cell on a fully-charged bat- 
tery. Cells should never be discharged below 
1.8 volt, or there is a tendency for a white, in- 
soluble form of lead sulphate to form on the 
plates, which, being a non-conductor of elec- 
tricity, decreases the capacity of the cell. The 
remedy for this trouble (known as “sulphatiflg’^) 
is prolonged over-charging, and if this is un- 
successful, the accumulator must be taken do^n 
and the plates scraped. 

It will ot'casionally be found necessary to add 
a little distilled water to the cells to make up for 
evaporation, and care should always be taken to 
keep the platen entirely covered. 


The Induction Coil. 


It is impossible to give a really adequate de- 
scription of an induction coil without going 
rather deeply into the laws of electro-magnetic 
induction, and as an enunciation of these must 
presuppose a sound, all-round knowl^ge of elec- 
tricity and magnetism, an explanation of these 
phenomena is obviously outside the province of 
the present work. It must, therefore, be taken 
for granted that, given two concentric coils of 
Insulated wire, if a current of electricity be sud- 


denly passed through one coil, or if a steady 
current in that coil be interrupted, a momentary 
current will be induced in the second coil. The 
strength of this secondary or induced current 
V'aries directly as the strength of the current 
(whether started or interrupted) in the primary 
-coil, and also on the “ suddenness ” of the own-" 
' tact or interruption of the primary current ; pfe 
more correctly, the secondary current varies 
directly as the rate of chafige of current ftl the? 
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.pfinMiy. The inductive effect is still further in- 
cr^dSMSu by th 6 presence of a soft iron core in- 
side the coils. 



fie* 3.--lnduction coil. On top is the trembler, the upper 
terminal is a separate earth connection for the secon- 
dary, left-hand terminal to + of accumulator, right- 
haad one to wipe contact blade ; bottom terminal is 
H.T. to sparkiug plug. 

The exact meaning of the electrical units, the 
volt and ampere, has already been explained, so 
that the reader should have no difficulty in under- 
standing the following law, which has a most 
important bearing on the subject of induction 
Coils : — 

The ratio between the voltages in the primary 
and secondary windings varies directly as the 
ratio of the number of turns of wire in the 
primary and secondary. It should also be noted 
that the ratio of the strength of currents in the 
primary varies inversely as the ratio of the nuni- 
W of turns, though this is not of so much im- 
portance so far as the question of ignition is 
concerned. 

An example will make the matter clearer. 
Suppose there are two coils of wire, one of lo 
turns and the other of i,ooo turns, wound con- 
centrically, and that a current of lo amperes at 
a pressure of lo volts is passing through the 
shorter coil, the primary; then, if this current 
is suddenly interrupted, a momentary current 

of asr -i- amperes will be induced in the 

secondary, but at a pressure of lo x i,ooo« 10,000 
volts/ Now the function of an induction coil is 
to convert the low-tension current supplied by 
the accumulator into a high-tension current, 
capable of jumping across the spark gap of a 


sparking plug, and this result is achiev 64 W 
making use of the physical laws jmentioneo' 
above. The coil as a whole consists of a bundle 
of soft iron wires forming the core (a solid iron 
core would become excessively heated by eddy 
currents, the nature of which need not be ex* 
plained here), over which is placed a thick layer 
of insulation, usually a vulcanite tube. On thjs 
is wound the primary coil, consisting of two or 
three layers of thick wire, carefully insulated — 
with silk in the best coils and with cotton in the 
cheaper makes — to carry the heavy low-tension 
current supplied by the accumulator ; then comes 
a layer of very highly insulating material, usu- 
ally vulcanite or vulcanised fibre, and over this 
is wound the secondary coil, consisting of many 
thousands of turns of very fine, silk insulated 
wire. From what has been said it is easy to 
see that if an intermittent current be sent 
through the primary coil by alternately connect- 
ing and disconnecting its ends with the ter- 
minals of an accumulator, there will be very 
high voltage, or high tension, currents induced 
in the secondary winding, and if one end of this 
winding be connected to “ earth,” that is, to the 
engine frame, and the other end to the sparking 
plug terminal, a spark will be obtained, and it 
only remains to break or make the current in the 
primary circuit at such a moment that the sec- 
ondary spark will be produced in the cylinder 
just when it is desired to fire the charge. In the 
older forms of coil this was effected by the 
familiar make-and-break contact on the half- 
speed shaft of the errgine, which simply pro- 
duced a single spark, and, incidentally, wasted 
a great deal of current. 

The modern tendency is to fit a cojitact maker 
or wipe contact on the engine camshaft, which 
allows the current to flow for quite an appre- 
ciable time, and to obtain a series of excessively 
rapid interruptions of the primary current by 
means of a ” trembler ” attached to the coil. 
The trembler consists of a flat blade of springy 
steel, or in some cases of two or more such 
blades, carrying a soft iron head or ” arma- 
ture ” set about an eighth of an inch off the end 
of the iron wire core of the coil.^^ This blade is 
connected to one end of the primary coil, and 
the primary current passes through it by way 
of a contact screw, which can be adjusted to 
make contact more or less firmly with the blade. 
When the primary current passes througli the 
coil, the iron wire core becomes strongly mag- 
netised and attracts the iron armature of the 
trembler; the armature accordingly moves to- 
wards the core, and, in doing so, breaks the 
contact between the contact screw and the trem- 
bler blade, thus stopping the primary current. 
Directly this occurs, the iron core of the coil 
ceases to be a magnet, the armature flies back, 
and the primary circuit is again made, when 
the armature is once more attracted, and so on. 

By using trembler blades with a very short 
period of vibi’ation, and by careful adjustment of 
the contact screw, an extremely rapid series of 
sparks is obtained in place pf a single spark, and 
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ihis stream is a far more efficient means of ignit- 
ing the charge than is the single spark. Quite 
apart from the fact that, there being a number 
4>f sparks, one of them is sure to ignite the 
charge, even if one of the early ones fails to 
4o sp, the extremely rapid sparks are unaflected 
by the presence of conducting matter, such as 
carbon, on the sparking plug, and will continue 
to pass when the plug is so dirty that a single 
make-and-break coil would expend all its second- 
ary purrent in leakage. This is due to what is 
known as “ skin effect in high frequency cur- 
rents, meaning that the passage ot a rapidly 
alternating current through a conductor meets 
with far more resistance than does a direct cur- 
rent, i.e., a current moving in one direction only. 

From this the importance of having the trem- 
bler adjusted to give the most rapid interruptions 
possible may be readily understood, and it is this 
adjustment that one so often sees being made on 
a coil. A practised ear can detect by the note 
given out by the trembler — it should be a deep 
bu 27 — whether the adjustment is correct or not; 
but anyone not well enough up in the subject 
for this should adjust the trembler while the 
engine is running, the contact screw being 
turned very slowly first one way and then the 
other till the best result is obtained, when it 
should be locked in position by rneans of the 
lock-nut always provided, care being taken in 
doing so that the screw itself is not shifted. 
Usually It is correct to get the highest note pos- 
sible out of the trembler ; there is no fear of shock 
while making the adjustment. There is always 
a spark formed between the contact points 
of the trembler blade and the contact screw, and 
these points must therefore be of some non- 
oxidizable metal, otherwise they would quickly 
burn away and their contact surfaces become 
dirty and no longer make good contact. In all 
goo<i coils platinum contact points are provided, 
or as platinum is a rather soft metal, platinum- 
iridium is sometimes used ; cheap coils with 
German silver contacts should never be accepted 
on any account. 

There is one part of a coil of which as yet, to 
avoid confusion, no mention has been made; 
this is the condenser, which consists of layers of 
tinfoil separated from each other by layers of 
very thin paper soaked in paraffin wax to obtain 
perfect insulation, the tinfoil sheets being 
diviaed into two sets arranged ^ in alternate 
layers, all the sheets of each set being connected 
together exactly like the positive and negative 
plates of an accumulator. The condenser thus 
has two terminals, and it is connected across the 
trembler on the coil, one terminal going to the 
trembler blade, the other to the contact screw. 

The object of the condenser is to still further 
Intensify the current in the primary circuit, by, 
so to speak, sucking an overdose of current into 
ife boll from the accumulator when contact is . 
made and ejecting the surplus again when con^ 
tact is broken. The abilitv of the condenser to 
absorb current is technically kiiown as its 
“capacity,’’ and depends on the size and num- 
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ber of the tinfoil sheets ; these have to be $o 
justed in practice that the “capacity” of tbep 
condenser suits the coil— its “ inductance,” aait, 
should be called — as a certain condition knOWli 
as “resonance,” which should exist between 
them to give the best results, depends on the' 
ratio of the inductance and capacity of the coil- 
and the condenser. 

Usually the coil and its condenser are put in, a 
stout wooden box and fixed firmly in position by 
filling the box up with paraffin wax with an, 
ebonite plate to give a neat finish and to carry- 
the trembler gear. It has already been men*’ 
tioned that one end of the secondary coil has to 
bii “ earthed,” and it is usual, instead of provid- 
ing a second terminal for this, to connect it to 
one end of the primary coil, this being brought’ 
to the terminal On the coil marked “ M,” or 
“ masse ” in French coils. This terminal has 
to be connected to the blade of the low-tension 
contact maker on the engine. The other end of 
the primary winding is connected to the accumu- 
lator (diagrams of connections appear on another 
page), and the remaining end of the secondary 
coil is taken to a highly insulated terminal which 
is connected to the sparking plug of the engine. 

There is, by the way, another method of con- 
necting up the secondary winding which is 
adopt^ in the Lodge coil. Both ends are insu- 
lated and connected to the inner coatings of two 
Leyden jars or other form of condenser; the 
outer coating of one jar is earthed, and the other 
connected to the engine sparking plug, whereby 
a very high frequency indeed is obtained. 

Perfect insulation is, of course, of the highest 
importance in a coil, and a breakdown of the 
insulation in any part of the coil itself entails 
rewinding, which is very expensive and usually 
never gives quite such a good result as the 
original coil. Some of the very best coils have 
the secondary winding made as a number of 
flat coils wound on ebonite spools, strung on over 
the primary and connected in series. Besides 
very much reducing the strains to which the in- 
sulation is subjected, this arrangement has the 
advantage that if one section of the coil should 
break down, it can be replaced without affecting 
the rest of the coil. 

Finally, let it be noted that in whatever part 
of the engine or its accessories economy is exer- 
cised, a cheap coil should never be purchased 
under any circumstances whatever. Nothing 
can compensate for a coil that can only give a 
feeble spark, while a breakdown in the insula- 
tion must inevitably mean that the boat will Ij© 
laid up while repairs are being executed by the 
makers of the coil (or by an electrical engineer), 
for it is not a job that should be attempted by 
the amateur. With a really first-class coil a 
breakdown' is not in the least likely to occur eXr 
cept through careless or unfair treatment, For 
instance, a coil must never be mounted in dos^ 
proximity to the exhaust pipe, or the paraffin 
wax insulation may soften, nor should a 4-vAlt 
coil under any circumstances be used in 
junction with a 6-volt battery. ^ 
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Low-tension Contact Makers. 


Accumulators and coils have now been dealt 
with, and the function of a low-tension contact 
maivor has been indicated, so it need not be re- 
peated here. The contact maker, whether of the 
wipe '' or make-and-break ” type, which will 
be differentiated later, consists essentially of a 
rotating arm, keyed to the half-time shaft of the 
engine, and, therefore, earthed,” making con- 
tact With one or more insulated contact arms or 
segments mounted on any convenient form of 


arms (D) are employed is sufficiently obvious 
from the drawing, and it will be noted that small 
springs hold them out of engagement when clear 
of the cam ; the portion of the arms shown very 
narrow would in practice be made of springy 
steel to allow for wear in the contact points, 
which, by the way, should be of platinum, as 
in the trembler of an induction coil. The lever 
attached to the body of the make-and-break 
would be connected by a Bowden wire or a sys- 



Fig. 4— Low-tension make-and-break. 


bush, and each connected to an induction coil, 
as described in the ” Wiring Up ” section. The 
rotating arm, as it comes in contact with each 
of these in turn, connects it, and, therefore, the 
coil, to earth, thus completing the primary cir- 
cuit, and it is only necessary to set this arm in 
such a position on the camshaft that each con- 
nection to a coil is completed at the moment 
when a spark is required in the cylinder to which 
that particular coil is connected. ‘ 

Fig. 4 clearly shows the principle of a make- 
and-break for a four-cylinder engine. (A) is the 
engine camshaft projecting through the engine 
casing (B). A cam (C) is keyed to this shaft, 
and engages with the contact arms (D) as 
shown. These arms are pivoted about the pins 
(E), which are secured in the back of the ebon- 
ite body (F) of the make-and-break. The contact 
pieces \G) with which the arms (D) engage are 
also screwed to F, through which they pass to 
the terminals (H) intended for connection to the 
Induction coils. The way in which the little 


tern of levers and rods to a hand lever on the 
control board; it is, of course, intended to rock 
the portion F and its fitting on the boss of the 
crank-case (B) to advance or retard the ignition 
as re<^uired. Suppose, for example, the cam- 
shaft IS rotating clockwise in the illustration; 
then, if the lever (K) be moved in the direction 
indicated by the arrow, the arms (D) will come 
earlier into contact with the cam (C), thus ad- 
vancing the ignition. 

It must not be supposed that the drawing is 
intended to represent any existing t^pe of make- 
and-break; it is purely diagrammatic, and would 
in practice be a very poor design, for the short 
length of the springs in the arms (D) would 
soon cause them to snap, and the absence of 
any metal bush to F would cause this part to 
wear very rapidly, and it would <^uickly become 
eccentric to the camshaft, causing the arms 
(p) to miss their contact pieces. The chief de- 
siderata for a good make-and-break are — 
high insulation, protection from damp, strong. 
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mechanical design, good electrical contact, and a 
Resign of cam and contact arm that will not 
jame sliould the direction of running of the 
motor be reversed, as by a back-fire. 



Fig. 5.~L.T. wipe contact diagram. 


contact. The arm (A) is keyed to the engine 
camshaft, and rotates wiih it, while the coh^att 
arm (B) is pivoted at the end of A, and has Its 
roller (C) kept in contact with the metal 



A Wipe Contact* 

The requirements and principles of construc- 
tion of a wipe contact form of make-and-break 
are exactly the same, and this type certainly 
enjoys the advantage of extreme simplicity, while 
with a good design there is no difficulty experi- 
enced in maintaining good contact. The dia- 
gram (Fig. 5) shows the end elevation of the wipe 


Fig. 8. -A good type of L.T. wipe contact 

ments of the commutator by means of the spring 
(D). As in the make-and-break type, the com^ 
mutator (E) is an insulator, and forms the body 
of the wipe contact, in which are metal segments 
(F) connected to the terminals. An advance and 
retard lever is, of course, attached to E in the 
ordinary way. 


High-tension 

The use of a wipe contact in conjunction with 
a separate coil for each cylinder has already been 
dealt with, and in the early days of multicylinder 
engines this was the almost universal practice. 
But with the advent of the magneto a high- 
tension distributor, that is to say, a device for 
distributing high-tension current from a single 
source of supply to a number of cylinders, in turn 
became a necessity, and it was only a corollary 
to apply the same principle to distribute the cur- 
rent generated in an induction coil, 

' A cKstributor consists essentially of a com- 
mutator mounted on a half-speed shaft, having 
as many segments as there are cylinders, and 
having all these segments earthed.’’ A wipe 
corttact arm insulated, nnd connected to the 
“ M ” terminal of the coll, completes the primary 
circuit whenever a metal segment is passing 
under it, and it is only necessary to set the 
position of this contact arm so that these con- 
tAets are made when the engine is in the firing 
position. Then there must be a high-tension dis- 
tributing arm mounted on the half-speed shaft, 
but very highly insulated from it, and con- 
nected by any convenient form of sliding contact 
to the high-tension terminal of the coil ; this arm 


Distributors. 

obviously receives the high-tension current at 
the same moment that the low-tension circuit 
is completed, and if terminals, leading to the 
sparking plugs, are spaced round this arm so 
that they receive the high-tension current from 
it in turn, the requirements of a distributor are 
fulfilled. 

There are a variety of patterns of distributors 
on the market, good, bad, and indifferent, and it 
is rather curious to note what a complete absence 
of electrical knowledge is shown in some of the 
designs. Utterly inadequate contact is fre- 
quently to be found in the low-tension circuit, 
and the high-tension terminals will often be 
found to be insufficiently jnsulated. Except in 
the case of one excellent design, which is com*^ 
pletely enclosed with its coil in a box, all high- 
tension distributors are, from their nature, 
placed in more or less exposed positions, with 
the result that insulation, which would be quito, 
sufficient in a coil, where everything is shut 
is not good enough when damp can collect on 
surface. ^ . . . 

It was lack of appreciation of these two poinir 
that made some or the earlier distributors ilo.- 
^atisfactory, and which made the whole sfstagli^ 
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Fig. 7. 


fall rather into disrepute with an unthinking 
public, but with rational design there is every- 
thing to be said in favour of the , high-tension 
distributor. 

A typical design is shown in Fig. 7. A is the 
half-speed shaft, carrying the commutator (B)— 
in this case for a four-cylinder engine. The 
terminal (C) is connected to the induction coil 
and forms a pivot for the wipe contact arm (D), 
which completes the primary circuit. On the 
end of the half-speed shaft is an insulating piece 
(E), which carries the high-tension distributing 
arm (F). G is a terminal connected to the high- 
tension terminal of the coil, and the current is 
passed to the distributing arm (F) by means of 
the ball and spring contact as indicated. 

The high-teiiaion leads to the engine cylinders 
are connected to the terminals (H, H), also in 
many cases made with ball contacts, and the 
arm (F) rotating with the half-speed shaft, 
passes the curnmt to each in turn. The whole 
1$ enclosed in an eboniie case (K) mounted' on the 


boss of the shaft bearing, and the end plate (L), 
also of ebonite, is fixed in such a position that 



Fig. 8.— H.T. distributor with outer case, carrying the 
terminals for connection to plugs, removed. 



fig* 8.— H*T. distributor in pieces. A H.T. contact to distributing arm: B, H.T. distributing arm; C, L.T« 
contact cams ; £. T. contacts in parsllel to ensure current passing even if one is dirty: D. B, on 

contact levers. 
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<lic distributing arm always passes one of the 
terminals (H) at the same moment that D is 
connected to earth through one of the segments 
of B. To vary the timing the hole of the case 
<K), with its cover (L), can be rocked through a 
certain angle, the high and low-tension con- 
tacts remaining synchronised with each other. 

In favour of the high-tension distributor one 
may say that it is much cheaper than having 
to buy several coils, and that there is only one 
trembler to keep in order — two very important 



1 1 “ -4) If ^ 

considerations. There is only one objection 
be oilered to its use now that there are several 
good makes to choose from, namely that if 
coil fails for any reason the engine must : 
But even on this pwint the high-tension distri^' 
butor has the advantage over the separate ’ 
s3-stem so far as cost is concerned, for 
cheaper to carry two coils, one in use and one 
spare, tiian to have four or perhaps six coila 
all in use simultaneously, while there is a con- 
siderable saving in weight and space. 


Sparking PJugs. 


The Sparking plug is probably the most fami- 
liar of all the necessary accessories of the motor, 
for it is the one that requires, perhaps, the most 
attention, and, being very easih accessible, it is 
one of the first parts with which the novice is 
likely to become acquainted, 'fhere are an end- 
less number of patterns of plug, but the essential 
parts are as follow An insulator carrying the 
high-tension wire in its centre, a metal socket 
screwing into the cylinder head or combustion 
chamber of the engine, and a cap which screwN 
into the socket, gripping a shoulder on the 
insulator between the socket and cap. 

The insulator may be either of porcelain or 
mica, sonic makers preferring one and siime the 
other. Mica is a better insulator, but as it con* 



Fig. IO.-Ae E.LC. mica plug' for use with 
a coil. 


Sists of very thin layers pressed together there 
U always the danger that, should one layer crack, 
a spark will be able to jump across. Porcelain, 
Oft the other hand, is liable to crack if unequally 
h^atld, and, being brittle, is more likely to be 
damaged bv a chance blow, so that neither 
material has any undisputed advantage over the 
other. 

Assuming that the best material, whatever its 
kind, is used, what really differentiates a good 
plug from a bad one is the extent to which it 
will stand sooting up without stopping the pas- 
sage of the spark. Plugs with a very short path 
along the surface of the insulation from the 
insulated wire to the outer metal part should be 
avoided, as, once a carbon deposit is formed, the 
electricity only has a short path to travel to 

earth,’* and such a plug would fail long before , 
another with its insulation arranged on the,, 


“ iietticoat ” principle familiar on the insulators 
on an ordinary telegraph pole, llie surface of 
the insulation should be accessible to the bristles 
of a tooth-brush, wdiich, soaked in petrol, will 
be found the handiest means of cleaning a plug. 
Apart from the packing nut, which may occa- 
sional!) requite to be tightened, the only adjust- 
ment required on a plug is the length of the 
spark gap, which, by rule of thumb, may be 
takf‘n as the thickness of a worn threepenny bit 
or of a stout thumb-nail. Some makes of 
plugs have a flimsy piece of wire bent over from 
the socket to meet the central wire, or sometimes 
the central wire is bent towards the socket. 
Both these types should be avoided, as a long 
fine wire sooner or later gets bent or broken. 





Fig. It.— A Simms porcelain plug for use with 
a magneto. 


A magneto plug, which, by the way, usually 
has several spark gaps, should have a rather 
shorter gap. The object of the several gaps is 
to compensate for wasting of metal by burning 
away, owing to the excessive heat of the mag- 
neto spark ; if one gap happens to be a little 
shorter than the other, the spark will, of course, 
pass at that gap until the burning of the points 
lengthens it, when the spark will shift to an- 
other position, and so on. The choice of ^veral 
paths for the spark is obtained in a variety of 
ways, either by flattening out the end of the 
high-tension wire to a mushroom shape with 
little saw-teeth round the edge, or, to take 
other example, by putting a plate over the eiadl. 
of tile screw socket, the plate being perforated 
accommodate the high-tension wire which ‘hi 
brought through from the terminal of the 
ing plug. 
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Switches. 


But little need be said about switches, for their 
function of breakinj^ the circuit requires no ex- 
planation, and, except for the old tumbler type 
so familiar in electric light installations in pri- 
vate houses, the almost universal type is the 
simple single spring lever pressing on metal 
studs, one in the ** off ” position and insulated, 
the other provided with a terminal for making 
required connections. The pivot of the lever is 
also, of course, provided with a terminal. 

The two-way switch for use with t^o bat- 
teries is almost as simple; assuming the switch 
is placed between the batteries and the coil, the 
terminal at the pivot of the lever is connected to 
the “P” terminal of the coil, while the studs are 
connected to the respective batteries (see Fig. 12). 

llie points of a good switch arc that it should 
be highly insulated and efficiently protected from 


wet. A small cylindrical ebonite casing is most' 
commonly fitted, and is quite satisfactory. The 
remaining desideratum is that the switch should 
have a gc^ stiff spring, not only to ensure good 
electrical contact, but to prevent the possiBilty 
of vibration shaking the switch out of contact. 



Wiring Up. 


The component parts of the ignition circuit 
having been individually described, the connect- 
ing up of the system has to be considered. 
Broadly speaking, the subject may be dealt with 
under two distinct heads, high tension and low 
tension. The high-tension system again splits 
up into three sul>heads, accumulator and sepa- 
rate coils for each cylinder, accumulator and 
single coil, with high-tension distributor, and, 
lastly, high-tension magneto, while the low-ten- 
sion system is divided into two sub-heads, ac- 
cumulator and solenoid, and low-tension mag- 
neto. For clearness, and to enable the reader 
to get a comprehensive idea of the whole ques- 
tion, the various systems are here collected in 
tabular form, and will be dealt with in the ordei 
in which they appear : — 

HIGH TENSION. ^ LOW TENSION. 

Accumulator and sepa- Accumulator and sole- 
rate coils. noid. 

Accurnulator and coil Magneto. 

and H.T. distributor. 

Magneto. 

Accumuiatar and Separate Coils. 

Whatever the number of cylinders, the follow- 
ing connections are required with an accumu- 
lator and separate coil for each cylinder. The 
accumulator positive is connected to the “ P ” 
terminal of each coil, the accumulator negative 
h connected to earth, the “ M terminal of 
each coil is connected to one of the contact blades 
of the low-tension wipe contact {or make-and- 
break, as the case may be), and the high-tension 
terminal of each coil is connected to a spark- 
ing i^tlug. The passage of the current from the 
accumulator is tnrough the low-tension winding 
of the coil to the contact blades, thence to 
“ earth/* that is, to the engine frame, and back 
to the accumulator pegative. In practice, a 


switch is inserted in the circuit (marked S in the 
diagrams) to enable the ignition to be shut off 
when necessary, and it is common practice to 
put this switch in circuit between the accumu- 
lator positive and the “ p ” terminals of the 
coils, though it might equally well be between 
the accumulator negative and the engine frame. 
Another alternative, and one that has to be 
adopted if it be desired to cut out one cylinder 
only and leave the others firing, is to put a 
switch between each “ M ” terminal on the coil 
and its contact blade, or in the branch con- 
nections from the accumulator positive. 

When dealing with coils, it was mentioned 
that though the usual method is to “ earth “ 
one end of the secondary winding by connecting 
it to the primary winding, coils are occasionally 
made with a separate earth terminal for the 
secondary, and in this case, in addition to the 
connections given above, these terminals must 
all be connected to the engine frame. For the 
benefit of the complete novice, the cycle of 
operations in the ignition circuit may be briefly 
recapitulated. Assuming that the functions of 
coil, battery, and contact maker are already 
understood, It remains to show how (in a ntulti-' 
cylinder engine) a spark is Obtained at each 
cylinder in the correct order. Referring, lor 
example, to the diagram tor the four-cylinder 
engine (Fig. 18), and, taking it for granted 
the moment that the correct order of firing ;s 
2, 4, 3, it will be noted that in the diagram 
the coil connected to No. 2 cylinder has its 
corresponding contact blade (A) in contact with 
the metal segment of the revolving wipe con- 
tact (which in all these diagrams is supposed 
to be revolving clockwise), and current is, there- 
fore, passing through this coil only, producing 
a spark in No. 2 cylinder. When the engine has 
turned through another half-revolution, the 
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.is0i»iact segment will have turned through a 
quarter of a revolution and will have put the 
coil of No. 4 cylinder into action ; another half- 
turn of the motor brings the contact to No. 3 
cylinder, and a further half-revolution back to 
No. I, and so on. Dealing now with the dia- 
grams in the order of the number of cylinders, 
the single-cylinder motor (Fig. 13) first claims 
attention, but little need be said about it, save 
that it would run equally well if the “ M ” ter- 
minal of the coil were connected to earth and 
if the accumulator negative were connected to 
the contact blade. This arrangement could not, 
however, be adopted on a multicylinder engine, 
since all the coils would come into action simul- 
taneously every time a contact was made. 



Pig. 13. 


There are two distinct types of two-cylinder 
motors, depending on whether the cranks are in 
line or opposed. As a matter of fact, the type of 
motor with the cranks in line is not often met 
with, and it is much more usual to set the 
cranks opposite to each other. Diagrams for 
both these arrangements are given (Figs 14, 15), 
and it will be noticed that the only difference is in 
the setting of the contact blades relatively to 
each other. In the opposed crank engine they 
are at 90 degrees to each other on the cam- 
shaft, and in the other case they are set at oppo- 
site ends of a diameter of the contact disc. In 
these and in all subsequent diagrams in this 
section the setting of the cranks is indicated by 
a single line, also high-tension leads are shown 
in heavy lines to distinguish them from low- 
tension connections. It is scarcely necessary 
to say that the coils, whether for a two, three, 
four, or six-cylinder engine, cannot be connected 
up haphazard to any contact blade and dny 
cylinder. Having found the two dead centres 
of the engine, and having marked these posi- 
tions on the flywheel, and, further, having set 
the contact blades (with the advance spark lever 
set in about a mid-way position), so that they In 
turn make contact with the wipe disc (or make- 
and-break cam) when the engine is on its dead 
centres, it remains to find which piston is just 
on its firing stroke and to connect the coil of 
that cylinder to whichever contact blade happens 
to be in contact with the metal part of the wipe 
disc. 

Having done this for one cylinder, turn the - 
engine round to its next dead centre, and if 


another piston is in its tiring position (which 
must be the case except in a two or thre^Ky^tj- ; 
der motor), connect the coil of that cylinder tb?, 
the contact blade now in contact, and so on for 
any number of cylinders. 



Fig. U. 


The simplest way to tell if a piston is just 
coming to its firing stroke is to watch the ex- 
haust valve of that cylinder. If, when the 
piston is at the top of its "stroke the exhaust cam 
is within a quarter of a revolution of engaging 
with the tappet rod, and if the cam moves to- 
wards the rod when the engine is turned in its 
usual direction of rotation, the piston is on the 
firing stroke. If, however, the exhaust cam ; 
moves away from the tappet the piston is on its 
suction stroke. 

In cases where the cams cannot be easily 
seen, the simplest way of getting a piston to the 
beginning of its firing stroke is to turn the 
engine forwards until the exhaust valve of that 
cylinder begins to open, then turn the engine 
back half a revolution to bring this piston to 
the top of its stroke, when it will be in its < 
firing position. 

The inlet valve, if mechanically operated* 
forms an equally good indicator, since if 
piston is just commencing the suction 
the valve will be opened as the engine is turned. ' 
By following these instructions carefully,, tib l 
difficulty should be experieijced. . .. 
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Next to a single-cylinder engine, a three- 
cylinder motor presents the least dilficulty, since 
its cylinders fire in regular order i, 2, 3. The 
diagram (Fig. 16) shows No. i cylinder firing, 



and it must be understood that the cranks are 
set at 120 degrees to each other. Suppose the 
direction of rotation of the engine is such that 
No. I crank-pin is moving downwards through 
the paper, then No. 2 crank will be slanting 
downwards through the paper and will have to 


must be so arranged that cylinders with cranks: 
at 180 degrees must fire next to each other. 
Starting at No. i, the order of firing may be 



Fig. 17.~Four coils mounted together: the "P” ter-- 
minals are all connected to a common terminal at the 
left-hand end. 

either i, 2, 4, 3, or i, 3, 4, 2. In the diagram, 
connections are shown for the order i, 2, 4, 3, 
and No. 2 cylinder is just firing. 

The order of firing of a six-cylinder engine 



turn through two-thirds of a revolution before 
it comes to its firing position. No. 3 crank is 
supposed to be pointing obliquely upwards, and 
will pass through its upper dead centre while 
No. I is on its tx>w€r stroke, during the latter 
part of which No. 3 will be starting its suction 
Stroke. 

In a four-cylinder engine the two centre 
cranks are almost invariably placed side by side, 
a« shown (Fig. 18), to give the best balance, 
and there is, of course, an explosion each half- 
revolution, In this case the cylinderife evidently 
cannot fire in the order i, 2, 3, 4, and the order 


(Fig. 19) is I, 3, 5, 6, 4, 2, and the cranks, as in 
a three-cylinder motor, are set at 120 degrees, so 
that Nos. I and 6 are in line with each other, as 
also are Nos. 2 and 5 and Nos. 3 and 4. The 
engine, as shown, is firing on No. i, and if 
No. I crank is moving away through the paper, 
cranks Nos. 3 and 4 must be considered as 
slanting obliquely upwards, while Nos. 2 and 
5 are slanting downwards through the paper, . 

Exactly the same principles apply to art eight- 
cylinder engine, though this type is very rarely 
met with, except with cylinders set in a V, in 
which case a high-tension distributor is fitted. 
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Accumulator and Coil with Higb^^tension 
Distributor. 

Though for a twc^-cylinder engine nothing 
would be gained by using a single coil and 
high-tension distributor, owing to the fact that 
the extra coil would cost very little more than the 
distributor, when an engine of three or more 
cylinders has to be considered a very consider- 
able saving in cost, weight, and space is effected 
by the use of the high-tension distributor, alid 
diagrams of connections for three, four, and six 
cylinders are given (Figs. 20, 21, and 22), In each 
case A is the half-speed shaft, to which is keyed 
the wipe contact disc, the metal segments of 
which are connected to earth through the shaft 
(A). The “M” terminal of the coil is connected 
to the contact blade (D), so that the four primary 
contacts (in the case of the four-cylinder engine) 
are obtained for each revolution of the cam- 
shaft, as already described when dealing with 
the principle of the distributor. 

The high-tension distributing arm (B) is also 
keyed to the shaft (A), but is insulated from it, 
being, however, connected to the high-tension 
terminal of the coil by a rubbing contact; the 
distributing arm passes under the metal seg- 
ments of the distributing drum (C), distributing 
the high-tension current to the cylinders, as 
shown. 

The same remarks as to order of firing and 


methods of connecting up apply to the high- 
tension distributor as to the s^arate coils. The 
high-tension distributing drum and the low-ten- 
sion wipe contact blade are, of course, mounted 
on the same rocker arm, and can be advanced 



or retard^ together, so that the high and low- 
tension circuits are always completed togetfief. 
In all three of these diagrams, it should be noted 
that the blocked-in parts of the distributor repre- 
sent insulation, the white segments being the 
metal ; Figs. 20 and 22 show No. i cylinder fir- 
ing; Fig. 21 shows No. 2 cylinder in the firing* 
position. 
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was made a little way back of the 
eight-cylinder engine with cylinders set in a V, 
two pistons being;. connected to one crank. The 
cranfeshaft is precisely similar to that of an or- 
dinary four-cylinder motor, and the two sets of 
cylinders may be regarded as tw'o separate en- 
gines firing in the usual order— i, 2, 4, 3, but 
starting from opposite ends, and an explosion 
coming from each engine alternately. Fig. 22a 
shows the arrangement clearly, the circles in- 
dicating cylifiders and the numerals inside them 
the order in which they fire. Taking the top 
row, and regarding it as a simple four-cylinder 
engine, the order of firing is i, 3, 5, 7, which 
is the same thing as i, 2, 4, 3 in a four-cylinder 
engine* while the bottom row fires 2, 4, 6, 8, 


getting a spark, at the same Hme avoiding let- 
ting the engine turn any distance after the 
spark has occurred; it is sure to go a qimrter 
of a revolution or so, and to avoid confusion it 
should be put back to the dead centre. An in- 
spection of the positions of the valves and cams 
will show which cylinder is ready to fire, as al- 
ready described, and the high-tension wire and 
plug, at which a spark has just appeared, ‘can 
then be changed over to this cylinder and the 
process repeated for the remaining ones. Once 
set correctly the magneto high-tension terminals 
may be permanently marked i, 2, 3, etc., corre- 
<;ponding to the cylinder to which each has to 
be connected so that future connections can be 
very easily made. 



Fig. 22 . 


which is the same as i, 2, 4, 3 in the four-cylinder 
motor starting from the opposite end. 

An explosion is thus obtained once every 
quarter of a revolution, and the low-tension con- 
tact and also the high-tension distributor would 
require eight contact points distributed evenly 
round a circumference and connected in order to 
the cylinders marked 1, 2, 3, 4, and so on. 

Wiring Up Magnetos. 

Exactly the .same remarks and diagrams apply 
to wiring up a high-tension magneto, whether 
of the type having the secondary winding on 
the armature or having a separate induction coil 
supplied with current from the armature. In 
some patterns the high-tension distributing arm 
niay be out of sight and not easily accessible, 
or, at any rate, it may not be easy to trace the 
connections from the distributor to the high- 
tension terminals of the magneto, so that there 
may be some difficulty in finding the order in 
which these terminals become live.’’ 

Assuming that the magneto has already been 
mounted, and its armature, or shield, as the 
case may be, set correctly, relatively to the crank- 
shaft, the high-tension terminals may be con- 
nected at random to the sparking plugs, which 
latter should be laid on the top of the cylinders 
with the spark gaps in view. The engine should 
then be turned round by hand, not rapidly, but 
with a quick Jerk at each dead centre to ensure 


Low» tension Magnetos and Solenoids 

Connecting up for low-tension ignition, 
whether magneto or solenoid, presents no diffi- 
culties, nor is there any need to worry about 
timing, since this depends entirely upon cams 
on the half-speed shaft. In the case of a sole- 
noid one terminal goes to the battery positive 
and the other to a bus bar, or insulated conduc- 
tor, running alongside the engine, with branch 
connections and switches to each cylinder, while 
the battery negative is earthed. With a mag- 
neto there will probably only be one terminal, 



Fig. 22a, . 

the other end of the armature being Earthed 
through the armature core, and this terminal 
is simply connected to the bus bar. 
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„ tte La^ ignimn. 

Itie, feature which distinguishes the system 
of ignition invented by Sir Oliver Lodge from 
the ordinary high-tension coil and accumulator 
Ignition is that the spark is an oscillatory or 
high-frequency discharge from special con- 
densers or Leyden jars. The discharge takes 
place so precipitously that it bursts down any 
obstruction in its path. The spark has also a 
different appearance to that from an ordinary 
H.T, coil, being of a fat, white-hot character 
with' remarkable igniting properties, rendering 
it particularly suitable for gases of low calorific 
value. As a consequence of this, very low-speed 
engine running can be obtained, since a weak 
mixture is readily ignited by the spark, while 
very fast running is also rendered possible by a 
momentary spark being amply sufficient to fire 
the mixture. The Lodge ignition is quite un- 
affected by all the ordinary causes of short cir- 
cuits, because there is such an impulsive rush 
of high-pressure current surging across the 
sparking plug gap that, even if the plug is 
flooded with oil or wet all over (both inside and 
out), the current still takes the direct route 
across the gap. There is no time for the current 
to choose an easier path. To put the matter 
scientifically, it is a very high-frequency dis- 
charge, and the skin effect causes any con- 
ductor to have enormous resistance, this account- 
ing for the fact that very little shock is felt 
from a Lodge coil, though the voltage is as high 
as in any other coil. 



We will now proceed to give an explanation 
of the principle of the B spark,** as it is 
termed, and the diagram (Fig, 23) will show the 
general principle of the arrangement. The ter- 
minals of the coil are not connected to the spark- 
pltig directly as usual, but are led to it 
though me intervention of a pair of coated in- 
or Leyden jars, with their outer coat- 
ings ^prt-circuited by a leak or imperfect con- 
the object of which is to keep them 
itllpvays at the same potential, except at tha, in- 
stant of a sudden electric discharge. Accordingly 


there is no strain thrown u|w&n the leads dr the 
sparking plug, whose terminals remain at 1^ ,, 
same potential up to the last moment when tihe 
two jars are full and discharge at A. 
instant all the charge is liberated, and, with 4 a. 
rush of an oscillatory nature, the jars empty 



Pig. 24.-- Type D igniter. 


themselves across A, inducing a high-frequency 
discharge through the sparking plug. No leak 
or imperfect conductor has time to exert any 
influence on the rush, owing, as already ex- 
plained, to the phenomenon known as skin 
effect.” 

The rush is so violent that not only is dirt in 
the path blown away, but the electric momen- 
tum overshoots the mark, and the jars are 
charged up in the reverse direction by the im- 
petus; they then discharge again, and again are 
charged in the ordinary way, and so on many 
times, without the coil taking any further part 
in the action : its function is over when it has 
filled the jars to overflowing. The jar spark is 
a noisy, white-hot spark of extreme suddenness, 
all over in an extremely shprt period, and can 
be timed to occur with great accuracy. 

In popular language, a discharge is brought 
about quite suddenly between points which, ex- 
cept during the rush, are completely inert, so 
that they might be handled with impunity, or 
placed under vvater, or clogged with dirt. But 
during the violence of the rush the dirt in the 
path is flung away, the vvater is burst through ; 
the circuit is bound to be completed when the 
full discharge occurs at A. The A spark is, 
therefore, a pioneer spark, which precipitates 
the sudden rush and causes the B spark. The A 
spark is in the box under glass, so as to be easily 
open to inspection, and where it can be kept 
quite clean. The charge is prepared or gener- 
ated by the coil, as usual, all the strain being 
thrown upon the clean gap at A, and directly 
this gap gives way, the whole accumulated con- 
tents of the jars are suddenly emptied or ex- . 
ploded without warning through the combustible 
mixture, the time of firing being accurately ad- 
justable by the primary cam which regulates the 
charging action of the coil, , 

The Lodge igniter is made in two typeset' 
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tms L and D. The former (Fig. 24) is used 
with a 6-volt, accumulator and has a single 
trembler and a reversing switch for equalising 
tihe wear of the platinums, and is particularly 
suitable for single-cylinder engines running on 
paratfin, benzol, etc. Type D (Fig. 25) is fitted 
with glass panels and has two tremblers, with 
a change-over switch and also a reversing 
switch (as can be seen through the front panel). 
It is suitable for the very highest speed engines 
of any number of cylinders. The essential parts 
of each type, however, are similar. The ad- 
justable spark gap, seen on the top of each coil, 
seiivos as an indicator, but it has also another 
use : by opening out the gap, the intensity of the 
spark at the plug is increased and the points 
cleaned by all deposits being blown away. The 
Leyden jars, or hij^h-tension condensers, are con- 
tained in the case^and are made of special metal- 
coated glass. The coil itself calls for no special 
remarks, except that the iron core has taper 
ends, w^hich cause the tremblers to tvork in a 
very strong magnetic field. 

The wiring up is just the same as with an 
ordinary coil and accumulator; a high-tension 
distributor of the ordinary design being used 
with multi-cylinder engines, while ordinary 


sparking plugs are ^tmscdi. Ii^ Tact, om^. 
special part in the Lodge sj'stjem is the 
which takes the place of the usual trembler oolL 



Fig. 25. -Type L Igniter. 


High-tension 

If the iron core of an induction coil were re- 
placed by a permanent ** bar ” magnet, and if 
this magnet w^ere rapidly withdrawn and re- 
placed inside the primary winding, a current 
would be induced in this winding if its ends were 
Joined together, and, to go a step further, if the 
strength of the permanent magnet were the 
same as the strength of the soft iron core when 
momentarily magnetised by the passage of the 
battery current through the primary winding, 
then the strength of the induced current in the 
primary, due to the withdrawal and replacement 
of the permanent magnet, would be the same as 
that supplied by the battery, neglecting certain 
losses which need not be dealt with here. Also 
a high-tension current would be induced in the 
secondary winding just as when a battery was 
used. 

Thus it will be seen that if tbe magnet could 
be reciprocated extremely rapidly by the engine 
SO that it moved inside the winding of the coil 
like a piston in a cylinder, the coil would gener- 
its own current, and could be used for igni- 
tion purposes without any battery; in practice, 
hti^wever, it would be a very unmechanical ar- 
rangement, and it would be practically impos- 
sible to move the magnet fast enough to produce 
the desired result. 

In practice, therefore, the difficulty has been 
surmounted by modifying the shape of the mag- 
net and coil, and rotating the latter. The result 
ts the magneto of the present day, and, though 


Magnetos. 

its details vary considerably, exactly the same 
principles are involved in every case. Before pro- 
ceeding to details of construction, a short ex- 
planation of the laws governing the generation 
of current may be explained. While dealing 
with coils, it was mentioned that a current pass- 
ing through the winding magnetised the iron 
core; a more scientific way of putting it would 
have been to say that magnetic lines of force 
are induced by a current passing through a coil 
and that these lines all run perpendicular to the 
planes of several loops of the coih 

Now beginners are apt to get confused at this 
point, and to imagine that the converse of this 
law is also true ; that if a permanent magnet is 
placed inside a coil, a current will continue to 
flow in that coil so long as the magnet remains* 
inside. This is not true, but it is true that a 
momentary current will be induced in the coU 
when the magnet is first put in position, and 
another current will be induced (in the opp^ite 
direction through the winding) when the magnet 
is withdrawn, while if the magnet be recipro- 
cated as described above, a rapidly alternating 
current will be produced. This current is pro- 
duced not by the presence of the steel of which 
the magnet is composed, but by the magnetic 
lines of force which permeate it, and it is' the 
rate of change of the number of lines pttssmg 
through the coil that determines the strength of 
the induced current, hence the necessity for mov-p 
ing the magnet rapidly. 





comtdtir a uniform magnetic field with 
aH it# lines of force running parallel to each 
o^htr, and imagine a coil placed across this 
field with its axis (of winding) parallel to the 
lines, when a maximum number of lines will pass 
trough it^ Now, if the coil be suddenly rotated 
through 90 degrees, it is evident that no lines 
now pass through it, but a current must have 
-been generated in the coil while it was being 
itiovea, owing to the change in the number of 
lin^s cut. A further turn of 90 degrees will 



Fig. 26 . 


again bring the number of lines passing through 
the coil to a maximum, and another current will 
be induced (in the reverse direction); the same 
cycle will occur during the next half-revolution, 
making up one complete turn, with one com- 
plete alternation of current, and, by suitably 
breaking the circuit, providing four sparks. 

In magnetos the magnet is bent to the horse- 
shoe form, and is provided with iron pole pieces 
bored out to form what is known as an armature 
tunnel (several magn^^s are mounted together to 
form a long tunnel). 


What Wfts the primary winding th« 
tion coil now becomes the ‘‘ armature^* 
ing, carried out round the channels of an 
core, usually of H section, built up of laming 
tions for the same reason that the core of a coH ls 
made of iron wires, the Whole forming tjbis 

armature ” and being provkled with spindla^ 
and bearings to enable it to be rotated betweeff 
the magnet pole pieces. The arrangement iiH 
shown diagram matically in the accompanying 
illustration (Fig. 26), and, for clearness, this has 
been kept as simple as possible. 

A is the armature core and B its winding, one 
end of which is earthed by connection to%ie 
core (at the point C), while the other end (D) 
of the winding passes through the shaft to the 
wipe contact gear (E), which will be dealt with 
later. 

The permanent magnet (F) is shown built up 
in three parts with brass, or other diamagnetic 
metal plates at the ends to carry the armature 
bearings, etc. In the side elevation the shape of 
the armature is indicated, also the winding, and 
it is shown in a vertical position, but in the end 
elevation, with the wipe contact box removed, it 
is shown in the position when the maximum 
current is being generated. A similar maximum 
occurs when the armature has made a half-turn 
and there are only two maximum current posi- 
tions per revolution. After what has been said 
about obtaining four sparks per revolution, 
this may appear contradictory, but the difference 
is due to the disturbing effect on the magnetic 
field of the H section armature. The matter is 
best explained by diagrams. In Fig. 27, A shows 
the armature with all lines of force passing 
through the coil; in B all lines are still passing 
through, but almost immediately after warns 
they, so to speak, snap back, and just before 
the armature comes to the position shown in C 
they suddenly take the path therein indicated. 



Tlii MAKfOR B&AT mmAJL. 


this sudden change in the number of lines pass- 
in^ through the coil has already been shown to 
,^l?oducc a heavy current, and the reason for the 
position just between B and C being the one 
at which the most powerful current is flow- 
ing; hereafter this will be called maximum 
portion. Now, coming to D, all lines are 
still passing outside the winding, but they gradu- 
ally leak into it again as in E, and, finally, 
all do so when the position in F is reached. 
Thus the return of the lines through the winding 
is gradual, and there is only a weak current 
geiwated in consequence. During the next 
half-revolution the same cycle is, of course, re- 
peated, and it will be seen that there are there- 
fore only two sparks obtained per revolution. 

Returning now to the wipe contact (it is in 
many makes supplanted by a make-and-break), 
the arrangement is shown in section in Fig. 28. 
A contact arm (A) is keyed to an insulating bush 
(B), which in turn is keyed to the armature 
spindle and rotates with it. The artn (A) is elec- 
trically connected to the end of the armature 
winding either by a slip ring or by taking the 
end of the wire through a passage, of course 
insulated, in the armature spindle. 

The other part (C) of the wipe contact is 
earthed by being mounted on the brass plate on 
the end of the magnet, and is arranged as in- 
dicated to give a certain range of advance and 
retard ; there is an internal insulating bush (D), 
the contact segments coming through it as in- 
. dkated. These are so set that the arm (A) first 
makes contact and so completes the armature 
circuit before the armature reaches the maxi- 
mum position and breaks contact again just 
when the maximum position is reached. A very 
heavy current is thus interrupted, and, as has 
been seen in dealing with induction coils, it is 
only necessary to have a secondary winding to 
obtain a high-tension spark. 

'At this point high-tension magnetos must be 
divided into two distinct classes ; those in w^hich 
the secondary coil is wound on the armature 
with the primary, and those in which the arma- 
ture winding simply supplies current to a sepa- 
rate induction coil, either with or without a 
trembler attachment ; the interruption of the cur- 
rent being carried out as already described. 
Magnetos of the former class may be called the 
rotary converter type; they have the advantage 
of great compactness, though in the earlier pro- 
ductions a great deal of trouble was experienced 
in getting sufficient insulation ; it being no un- 
common thing for the high-tension winding to 
spark across to the pole pieces of the magneto. 
Modern magnetos of this type are, however, 
much better made, and such a breakdown is ex- 
tremely rare, though the possibility is always 
there, and the danger increases if the armature 
should get very damp. The danger of damp- 
ness, however, has recently been completely eu- 
minated through the introduction by the Bosch 
Magneto Co. of a magneto completely enclosed 
in a water-tight metal case. The separate coil 


system of magneto is best described jas the step^. 
up transformer type, and has the merit that 
feet insulation can easily be obtained, and al^ 
that the coil can be entirely enclosed so as to bo 
free from the effects of salt air far more easily 
than can the rotary converter type. In the early 
days, however, the transformer type was seri- 
ously handicapped by the fact that the coil was 
entirely separate from the magneto, atid took hp 
a lot of extra room, but the latest patterns are 
very neatly arranged with the coil placed be- 



tween the two arms of the m^nets and just over 
the armature ; the complication of a second pri- 
mary winding still exists, and it must remain 
a question of individual taste whether this or 
the extremely improbable chance of the insula- 
tion breaking down on the rotary converter type 
is most to be dreaded. As a matter of fact,, 
both types have been brought to such a high 
pitch of perfection, that there is little to choose 
l>etwecn them. 

The Rotary Converter Magneto, 

Of magnetos carrying the secondary coil on 
the armature there are again sub-divisions; the 
rotating armature class, and those in which the 
armature is held stationary, and a rotating (or 
in some cases oscillating) shield is interposed 
between the armature and the magnet poles. 

There are many different makes of the first 
class, differing in such details as the construc- 
tion of the wipe or make-and-break, etc., ‘'but 
the following general principles are applicable 
to all. The low-tension winding has already 
been described, but no mention was made of the 
condenser ; its action is precisely similar to that 
described for induction coils, and it is connected 
in the same way, across the make-and-break of 
the low-tension circuit. One set of tinfoil 
leaves are, therefore, earthed by connection to 
the magneto frame, the other set being con- 
nected to the contact screw or rotating arm of 
the low-tension gear according to the type fitted. 

The inner end of the secondary winding is 
earthed by connection to the primary windingi 





t&e Pnd ^oing to distributing arm of 
die high-tension distributor, which is, ot course, 
fittpd, except in the case of a sin|^le-cy Under 
engine, when the high-tension terminal can be 
simply connected to a slip ring, whence a high- 
tension lead is taken to the sparking plug. It 
has been shown that with a rotating armature 
magneto there are two sparks per revolution, 
and to make use of both of these with a jingle- 
cylinder engine it would be necessary to rotate 
the magneto at only one quarter the speed of 
the crankshaft, which would be much too slow 
for starting up, and would only give a feeble 
spark at full speed. 

In this case the usual practice is to run the 
magneto at the same speed as the camshaft, but 
to have only one contact per revolution }n the 
low-tension circuit, the primary being simply 
left on open circuit at the other maximum posi- 
tion, so that no secondary spark produced. 
For a two-cylinder motor with cranks opposed, 
the magneto must be run at the same speed as 
the crankshaft in order to obtain two sparks 
within half a revolution of each other; the next 
two sparks have obviously to be wasted, which 
can be done either by the use of a high-tension 
distributor with four terminals, two of which are 
earthed through short spark gaps, or by gear- 
ing down the low-tension contact maker off the 
armature shaft in the ratio of 2 to i, and putting 
the contact segments or cams at 90 degrees in- 
stead of at opposite ends of a diameter. 

For a three-cylinder engine it is necessary to 
gear up off the camshaft in the ratio of 2 to 3 
or to gear down off the crankshaft in the ratio 
of 3 to 2, the eftect of which is, of course, to 
obtain three sparks from the magneto for every 
two revolutions of the engine, which is what is 
required. Now the high-tension distributor has 
obviously got to have three ways, and must run 
at half the engine speed; the armature is run- 
ning at two-thirds engine speed, whence it will 
be seen that the high-tension distributor must 
be geared down off the armature shaft in the 
ratio of 2-3rds to 2 equal 4 to 3. A concrete ex- 
ample will make this clearer. Suppose 
the engine runs at 75or.p.m., the armature 
750 X 2 

must run at 5oor.p.m., and since 

3 750 

thtf distributor has obviously to run at = 

2 

375r.p.m., it follows that it must be geared down 

500 4 

off the armature shaft in the ratio of =; — 

375 3 

or 4 to 3. 

The case of a four-cylinder engine is very 
simple ; the magneto is driven at the same speed 
as the crankshaft, giving, therefore, four 
sparks per two revolutions of the engine* and 
the rotating arm of the high-tension distributor 
is simply geared down in the ratio of a to i. 

With six cylinders the matter ac^ln beoomef 
oomplicated. Six sparks are requS^ for everjir 


two revolutions of the or 

per revolution* whence the magneto 
geared up off the crankshaft in the ratio 
2 to 3, or, if driven off the camshaft* 
ratio of 1 to 3, but in this case the hlgh-teneioiit^* 
distributor must be geared down off 
neto shaft in the ratio of 3 to i. For instant^, if' 
again the engine speed be taken as 750r.p.itn.* ' 
, 750 X 3 

the magneto speed will be 

2 ■' 

r.p.m. The distributor speed will, of course* he,- 
75 » ^ ' 

= 375r.p.m., and it* must, therefore, 

2 

geared down off the armature shaft in the ratio 

II2C 3 

= — or 3 to I. 

375 I 

Wiring diagrams for various types of engines 
appear in another section, so it will suffice here 
to give a simple diagram of the connections of 
the magneto itself; the one shown (Fig. 29) 1$ 
for a four-cylinder motor, but with the altera-* 
tions mentioned above, exactly the same mag- 
neto could be used for other numbers of cylinders. 



The primary coil is shown in heavy lines, 
and it will be seen that one end is earthed, the 
other going to the contact blade (A) of the low- 
tension wipe (B). The secondary coil has one 
end connected to the primary, the other passing 
the current to a slip ring (not shown) on the 
armature shaft, whence it is taken to the rotat- 
ing arm (C) of the high-tension distributor. This 
arm is, of course, highly insulated, cind the dis- 
tributor is exactly similar to the type already 
described. The low-tension wipe and the dis- 
tributor arm are so set on their respective shafts 
that both the high and low-tension connections 
are made simultaneously, as for an ordinary 
high-tension distributor. The condenser is 
shown connected across the low-tension make- 
and-break, as already described. 

Advance and retard gear, when fitted, is 
always arranged to actuate both the high and 
tow-tension circuits simultaneously, since these 
must necessarily remain synchronised, and iii . 
a great many installation.s the armature shaft is 
so driven that it is advanced or retarded, rela- 
tively to the engine at the same time, whereby 
for any setting, the break in the low-teswtbn ' 
circuit always occurs at the moment when 
maximum current is flowing. There are sevew ' 
ways of doing this ; sometimes the 
pinion on the armature shaft is attai^hM Jby,. 
means of a diagonal slot so that a sma^ 
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Jiad aft inovement moves it round through a 
i2«rtaia angle on the shaft, or there is occasion- 
afly a similar governor-controlled movement of 
.the driving pinion on the engine shaft, in 
which case the advance and retard is automatic. 

In those magnetos where there is ro arrange- 
ment for keeping the moment of breaking coin- 
cident with the “ maximum ’’ position, it is 
usual to set the make-and-break so that contact 
is broken with the armature in the maximum 
position with the timing as late as possible, to 
facilitate starting up; when the engine is run- 
ning f^st the extra speed of the magneto com- 
pensates for the want of correct setting. 

Coupling Up, 

In adjusting the drive of a magneto, the en- 
gine must be turned till it is just past its dead 
centre {on its firing stroke in the case of a single- 
cylinder engine), and then, with the timing lever 
of the magneto in the most retarded position, 
the armature must be turned to its maximum 
position and the chain or gear drive, as the case 
may be, must be fixed at that point. Usually 
this may best be done by leaving the pinion loose 
on the armature shaft while the above adjust- 
ments are being made, and then making it fast. 


One other point must be noted in the two- - 
cylinder opposed crank engine, namely, that with 
the engine set so that the first cylin^r is just 
firing to be followed half a revolution later by 
the other, the magneto is set to correspond with 
the engine (see section on “ Wiring Up ”). 

The Simma Magneto {Type S.0.4 . 

This machine has been chosen as a type of 
high-tension magneto, as in the first place it 
is a splendid example of British workmanship, 
and secondly because it is suitable for four- 
cylinder engines, of which there are such num- 
bers in these days. The fea^res of the magneto 
will be readily understood from the diagram (see 
Fig. 30, which also shows the wiring) in con- 
junction with the following description. The 
armature carries the two windings and also the 
condenser, which latter will be seen at the right- 
hand end. The armature spindle runs on ball 
bearings and is driven off the crankshaft, the 
low-tension circuit being interrupted twice per 
revolution, while the high-tension distribution 
arm is geared down 2 to i (the gear wheels being 
omitted in the diagram). One end of the low- 
tension armature winding is connected to the 
armature core, while the other end is led through 
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the hoHow spindle to the contact-breaking de> 
Viipe, the fixed portion of which (18} is Insulated, 
asid carries a platinum-pointed screw. The bell- 
crank lever (38) carries the second platinum, and 
is connected to the frame of the magneto. Both 
the bell-crank lever and the contact piece (18), 
together with the contact breaiker disc (10), re- 
Wolve solid with the armature, and as the end 
©f the bell-crank lever comes into contact with 
the rollers (56) of the timing lever (17), the two 
platinums break, owing to the bell-crank rock- 
iii'g on its axis. This sudden interruption of 
the low-tension circuit induces a current of high 
potential in the high-tension circuit. The brass 
lid covering the contact breaker is insulated 
from the frame of the magneto, but is connected 
by an inside spring with the screw (35), which 
latter secures the contact breaker. The brass 
lid is held by a spring (33), at the upper end of 
which is a thumbscrew for connecting to a 
switch, by means of which the low-tensi<w cir- 
cuit can be shorted to stop the engine firing. 

The high-tension winding has one end con- 
nected to the low-tension winding and so to 
earth, the other end being connected to the slip- 
ring (24), from which the current is collected 
by a carbon, going^ thence along the conducting 
bar (7) to the distributor carlxjn holder (ii), 
which revolves and distributes the current to the 
four segments (3), and thus to the sparking 
plugs. Close to the carbon holder (37) will be 
observed a porcelain dome (25), forming a cover 
to the safety spark gap chamber, attached to 
the aluminium lid (22). Inside this dome and 
connected to the base of the chamber are four 
points, w^hile four similar ones are inside the 
porcelain domes. In the event of any interrup- 
tion in the high-tension circuit, the spark is dis- 
charged across the gap, and thus the winding 
is protected from danger. 

To ensure satisfactory working, care must 
be taken to have a clean contact between the 
slip ring (24) and the carbon, and also between 
the carbon (41) inside the dome piece (5) and 
the end of the distributor carbon (i i). The brush 
in the distributor must also make clean contact 
with the segments. The two platinum contacts 
must be scrupulously clean and free from pitting 
and should be adjusted so as, when breaking 
contact, to separate by 0,4mm. The parts are 
v«ry get-at-able in this magneto; on slacking 
back the screw (64), the star-shaped locking 
clam (9) can be turned to one side and removed, 
freeing a vulcanite disc, which, when removed, 
exposes the high-tension distributor. The car- 
bon holder (ii) can then be pulled out, and at 
the back is a brass stud engaging with the 
carbon (41). To get at the contact points, the 
cover may be removed on pressing aside the flat 
spring (33), and then, on taking off the casting 
(17), which forms the timing lever, the contacts 
are exposed. 

There are, of course, many other types ol 
rotary converter magneto, some having a sta- 
tionary armature and rotating field. ^ 


Th0 {T91P9 

The Eisemann firm, of Stut^art, 
associated with magnetos of the separat^-CPtl' 
type, have brought out this year a 
self-contained order, where both pflrnary,, i 
secondary windings are wound on the arinattis^^. 
but they still continue to make the separate coil ' 
type, as this is preferred by many, ' 

A general view of one of the new 
namely, the E,K.4, suitable for enjg^ines iip ^ 1 
3oh.p., is shown in Fig. 3, with n^h-tensloa v 
distributor cover and low-tension makc-am^;‘ 
break cover removed. One of the principal 
tures of this machine is the accessibility of maka«r 
and-break distributor parts for examination 
cleaning. These parts can be taken down in^ 
less than five seconds, and they are so securely 
fitted that practically no dirt can penetrate. . 

We will deal structurally with the machine.; 
The magnet elements are composed of three' 
pairs, mounted on and screw^ to the pole 
pieces, which in turn are fixed in position to a’ 
brass base-plate. The front cheek (see Fig, 31), 
is screwed to the pole pieces through the holes 
(7), and the two-to-one gear wheels run in this 
cheek, the large bronze wheel (8) being fixed 
to its spindle by a lock-nut (9), which is pre- 
vented from shifting by a grub-screw. The steel 
pinion (ii) is keyed to the armature shaft, and 
four screws (12) secure the pinion to a steel plate 
furnished with a central steel bush. It will be 
seen that this cheek, containing the two-to-one 
pinions, is fitted at the front ena of the magneto 
behind the distributor and make-and-break 
plates. At the lower end of the cheek is screwed 
a part cover (13) for the advance and retard plate 
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to work on. Taking now the details of 
advance and retard, which consist of the 
“'piatjes (6 and 13) (seen in the Figs. 31 and 33). 
’There are grooves in the plate (6) to take the 
tongues (12) of the plate (13); the movement of 
the advance plate (13) being limited to 60 degr^s 
by the projection (15) coming in contact with 
two small screws in plate (6). A spring is fitted 
behind this plate, which presses against the 


11)6 spring contact (27) presses against this plate 
and takes the current to the platinum point (»3), 
and thence to earth through the arm (24). It is 
essential ih self-contained magnetos that a good 
earth return is secured to the earthed end of the 
primary winding of the armature, and this is 
provided by placing two sockets containing 
spring-held carbons in the small two-to-one gear 
wheel. These carbons run on the face of the 
front cheek, and so give an effectual return. 



Fig. 82. 

projection, with the object of taking up any 
tendency to slackness in the advance movement. 

In Fig. 32 is shown the short shaft and its 
bearing for carrying the large bronze wheel 
and the distributing brush, ^e bearing has 
two arms (i6) which slip over two studs &hind 
the jfront cheek, being held in place by nuts. 
The distributor wheel fits on the spindle at 17, 
and is held by two keys and a lock-nut. On the 
end of the spindle fits the distributor brush, 
which is shown in position in Fig. 33 ; a spring 
ball inside the brush slipping into the groove 
(r8) to make a good contact, while a key takes 
the drive — the brush being, of course, bushed. 
At i<) is a cover for the oil-hole, while there is 
also a detachable wick holder at 20, by which 
oil is syphoned to the bearing. The brass cap 
(21) is merely screwed on to cover the end of the 
shaft. 

The armature is of the usual form, Siemens* 
H type, giving two sparks per revolution. 

Regaraing the passag^e of the primary^ it 
would be as well to make clear first of all the 
disposition of the make-and*break plate (Fig. 
33). The complejp plate has a small brass pin 
behind, which slips into a hole in the advance 
ptat4» and is held firmly when the contact- 
breaker cover, containing also the condenser, is 
dipped into place by bayonet arms engaging the 
spring plugs (22). Tne contact-breaker plate 
(seeiFigt 33) carries the platinum point (23), and 
the !arni (24), which is pivoted and held hy the 
steel bow spring (25), and the flat spring (24). 

The transmission of the current from the 
armature is through an insulated -conductor in* 
the spindle to the end of the armature (26). A 
carbon in the contact-breaker cover presses 
fl^^ainst 26 — this carbon being spring-held and 
in metallic contact with an insulated ferrotype 
plate, which forms one side of the condenser. 


/(otatiitg Sbhid Type 

Tl'iere is a modification of the foregoing rotary 
converter type in which the armature is station- 
ary, the cutting of the winding by the magnetic 
lines of forw ^ing provided tor by a soft iron 
shield rotating between the armature and the 
ma^^net poles. The armature is always fixed 
vertically in the position shown while the shield 
rotates. In the position of A no lines of 
force pass through the coil; but in B, when 
the shield has moved about 30 or 40 decrees, the 
lines suddenly take another path as indicated, 
this time all passing through the armature in 
preference to passing across the big air gap 
between the armature and the magnet pole 
pieces. In C the lines again pass outside 
the armature winding as shown, and then once 
more the shield comes to a diagonal position 
p, and the lines pass through the armature 
just as in B, while another eighth turn 
completes the half-revolution and brings the 



Fig. 33. 

* 

same conditions prevailing in A. There have 
thus been two sudden changes in the mag- 
netic lines passing through the coils in half a 
revolution, and there are, of course, four such 
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^periods per revolution, giving* four sparks In- 
stead of only two as obtained with the rotating 
armature type. In practice the “ maximum ” 
|)Ositions of the shield are found to be 30 degrees 



past each vertical and horizontal position. This 
fact renders the magneto peculiarly suitable for 
multicylinder engines, the arrangement for a 
four-cylinder motor being very simple. The 
high-tension distributor is simply mount^ on the 
armature shaft and rotated with it, since the 
magneto obviously has to be driven at the speed 
of the camshaft, and this must also be the speed 
of the distributor. To use such a magneto with 
a six-cylinder engine it would be necessary to 
gear down off the crankshaft in the ratio of 3 
to 2, or to gear up off the camshaft in the ratio 
of 2 to 3, and in this case the distributor must 
be geared down off the rotating shield shaft in 
the ratio of 4 to 3. 

The other most conspicuous advantage of the 
rotating shield principle is that the armature 
connections can be made very easily-> nor is there 
the possibility of any of the wires becoming dis- 
placed by centrifugal force. 

Arc Light Maga^to. 

Among the best-known magnetos made on the 
rotating shield principle, and brought out by the 
inventors of this system, is the arc light pattern, 
which, as it is probably more widely fitted than 
any other of its kind, is described here in detail. 
Thg insulated end of the primary winding is con- 
nected to the brass tube (1) (Fig*. 35), mounted on 
the armature shaft but insulated from it, and, 
moreover, projecting beyond it. A curved con- 
ducting piece (2) fits tightly over the end of the 
bar, and conducts the current to the piece (3) 
which carries the platinum contact screw (4). 
The earthed portion of the low-tension make- 
tnd-break consists of the contact lever (5), which 

normally kg>t in contact with the screw by the 
spring (6). On the end of the rotating shield 
is a disc (7) having four recessed portions in its 
face^ in which the lower end of the lever (5) can 
set back, allowing the upper end to make con- 
tact with the contact screw. The disc rotates; 


with the shield, and each time the kmr'aimth'] 
to the end of a recess Its k>w^ end is fdr- 

wand, thus breaking the primary ^ootactr 
disc being, of course, so set, relatively to die 
rotating sleeve, that these breaks occur at . 
“ maximum ** positions. 

On the top of the pole pieces is mounted Ite- 
condenser (20), one terminal being connect^ lo! 
the contact piece (5) and the other to the hodjr d' 
the machine. This completes the primary cir- 
cuit. The free end of the high-tension wiikU 
Ing is connected to a small and very 
insulated plug contact piece (8) in the axis of ; 
the hollow armature spindle. A small plug on, 
the end of the carbon holder (9) conducts the' 
current to the carbon brush (10), which passes it 
to the slip ring (ir) of the high-tension dis^i* 
buting disc (12). A segment (13) on this dis<^ 
asses under the four carbon collectors carried in 
olders (14), whence the current is taken by 
small conducting pieces to the plug terminals for 
connection to the motor. 

The high-tension distributor disc of oouiia , 
rotates with the armature shield, and the carbon 
collectors, together with the low-tension contact 
lever (5), are mounted on a rocker actuated by 
the lever (19), which gives an ample range of 
advance and retard. 

In this and other magnetos the points to look 
to are the low-tension wipe contacts, the cleanli- 
ness of the high-tension distributor, and the con- 
dition of the bearings, which should always be 
kept well oiled. When oiling up great eare 
must be taken not to allow any oil to get on the 
armature insulation, which may be very quickly 
destroyed by contact with lubricants. 

Oscillating Shield Type^ 

There is one other type of magneto belonging 
to the rotary converter class which deserves 
notice, the oscillating shield type. The construc- 
tion of this is the same as the preceding, except 
that the shield, instead of being rotated, is given 
an oscillating motion by an eccentric on tte 
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engine ehaft. The chief use of these magnetos 
is for single or two-cylinder engines; in the 
former case they can be driven off the camshaft, 
simply giving one spark per two revolutions, or 
for ^ two-cvlinder motor f cranks side by side) off 
the crankshaft. > 

In ail the foregoing types it is very important 
that the magneto should not be left with its 
high-tension winding on open circuit or a break- 
down in insulation is sure to occur sooner or 
later. As a safeguard, a safety spark gap is 
very often fitted, consisting simply of a gap be- 
tween any convenient point in the high-tension 
lead and ** earth, which is too long to allow a 
spark to pass under normal working conditions, 
but which is just short enough for a spark to 
jump across when any extra high voltage is 
generated, as when the plugs are not connected 
up to the magneto, thus leaving the secondary 
on C^n circuit. Even with a safety spark gap 
there is always a heavy extra strain put upon 
the insulation, and the only safe way of dealing 
with the matter is to short circuit the primary 
coil, so that when the ordinary make-and-break 
comes into action it does not really interrupt the 
current at all, thus, there being no sudden 
fluctuations in the primary current, no current 
is generated in the secondary. 

The Step»itp Transformer Magneto, 

As already explained, this type of magneto has 
a separate induction coil supplied with current 
from the low-tension winding of the armature, 
and possesses the advantage that perfect insula- 
tion of the high-tension winding can be ensured, 
while, in the newer makes, the coil is mounted 
between the arms of the magnet just above the 
armature and takes up practically no extra space. 

All magnetos of this class are comparatively 
uniform in the principal features of design, 
giving two sparks per revolution and being 
made with the ordinary rotating armature, 
though, of course, such details as the design of 
the make-and-break or wipe contact vary con- 
siderably, as also does the advance and retard 
system, etc. The same remarks as to the gear, 
ing up of the high-tension distributor, and of the 
armature spindle itself, apply tP the transformer 
type just as much as to tne rotary converter 
system, so that there is no need to repeat them 
here. 

The diagram shown (Fig. 36) makes the con- 
nections ot the transformer type perfectly plain. 
A is the armature winding, and it is simply 
connected end to end to the low-tension winding 
of an Induction coil, while the malce-and-break 
(C) of the magneto is connected in parallel with 
the two windings as shown, and it is of a type 
in which the connection is always made, being 
only broken just at the “ maximum ” periods 
of the magneto. From this it will be seen that 
the coils are short circuited, and practically all 
ihe current generated in the armature winding 
takes the path through the make-and-break. 
Directly, however, the circuit is broken at this 


point the current suddenly U loroed to ciuuagd 
Its path, and to rush tlirough the primatw of m 
induction coil, whereby a spark is produced in 
the secondary winding, with the small diScr* 
ence, however, from the standard induction coil 
practice that the spark is produced when the 
current suddenly passes through the coil, not 
when it is cut off. In practice one end of each 
of the primary coils and of the secondary are 
earthed,’^ as also is the cam disc of the make- 
and-break. 



Tig. 36 . 


The high-tension lead of the coil is connected 
to the distributor arm of an ordinary high- 
tension distributor (D) driven, as already men- 
tioned, off the magneto shaft. As in all other 
cases, a condenser (E) is connected across the 
make-and-break. The treatment of a magneto 
of this type is practically the same as for the 
rotary converter class, and the same care must 
be taken not to leave the armature on open cir- 
cuit, or very bad sparking at the low-tension 
contacts will result; if the magneto is to be 
kept running, but not used for ignition pur- 
poses, the armature winding must be short 
circuited, which may be done by connecting the 
blade of the make-and-break to earth through 
a switch (S), which is left open under normal 
conditions. 

^ To give a more practical idea of the connec- 
tions, a semi-diagrammatical sketch is given 
(Fig. 38), One end of the armature winding is 
earthed by connection to the armature core at 
E, the other end, shown dotted at A, passes 
through the spindle (or a slip ring may be 
used) to the contact piece (B) projecting through 
the end of the shaft, whence a spring, shawn 
dotted, conducts the current to the insulated 
arm (D) of the make-and-break. This arm is 
supported by an insulating bush on the arma- 
ture spindle, and also by the insulating pin E 
projecting from the end plate of the magnet04 
The rocker arm is pivoted about the point G, 
also fitted with an insulating bush; the arm 
carries a roller at one end and a platinum con- 
tact at the other connecting D to earth through 
F and the cam disc H, which latter is keyed to 
the armature shaft. The direction of rotation 
of the disc is indicated by the arrow, and it will 
be noted that it 5 s shaped to give a very suddeii 
lift to the roller on F, thus giving a quick 
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|>reak. Except when the earn lifts the jx>ner, 
the armature IS evidently short circuited through 
the make-and-break. 

A brass plate (K) is shown in section just 
above the armature carrying the induction coil 
ahd forming an earth connection for its primary 
and secondary windings. The other end of the 
primary is connected to the insulated terminal 
of the condenser (not shown), the other terminal 
of which is, of course, earthed, and thence the 
winding is connected to the terminal of the in- 
sulated contact arm (D), whence it is obvious 
that when H disconnects D from earth by 
breaking contact with the lever (F), the armature 
current passes through the primary of the in- 
duction coil completing the circuit to earth 
through the plate (K). 

The high-tension current generated in the 
secondary is passed to the rotating arm of the 
high-tension distributor by means of a brush, 
usually made of carbon. The high-tension dis- 
tributor shown (Fig. 38) is for a four-cylinder 
engine, and is therefore geared down off the 
armature shaft in the ratio of 2 to i. 



FIs. 37.— A. H.T. distributing aim : B. L.T. make-and- 
break. In the centre is a separate coil with condenser 
connections at the bottom, and on the right is a Short 
circuiting switch. 



Low-tension Mechanical Ignition. 


Battery aad Solenoid. 

This form of ignition was introduced into this 
country some ten years ago with the American 
two-stroke engine. It was a system that evoked 
a conxiderable amount of interest among engi- 
neers, and it gained a vast amount of criticism, 
the great bugbear in the c^inion of those in- 
terested being the difficulty it was assumed 
would be found in keeping a rotary oscillating 
arm passing into the combustion dhamber free 
and gas-tight. 

The first example of this ignition will serve 
to show very dearly the general principles em- 
ployed, being a simple and easily understood 

f tfst there is an oscillatory notary arm that 
i* actuated from the outside of the cylinder, and 
carries on the inside a crank or lug that is 


normally separated from, but which can be 
brought in contact with, an insulated electrode 
or pin. The actuating mechanism outside is 
arranged so that after bringing the oscillating 
arm in contact with the insulated elective u 
will then separate them suddenly. 

The electrical circuit consists of a battery lo 
give from 8 to 16 volts in simple circuit with a 
self-induction or impedance coil, and the in- 
sulated electrode, the circuit being completed 
from the electrode to the movable arm, and 
thus through the frame of the machine and a 
switch to the other pole of the battery. 

The action is as follows : the mechanical 
iftiovement brings the rocker arm in contact with 
the insulated electrode, and the circuit being 
completed the current flows through the lid- 
pedance coil, which usually consists of about 
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jtb* No. i6 copper wire wound on about ilb* 
of soft iron which should be laminated, mag- 
netising the iron, which process of magnetism 
impedes or checks the flow of current until the 
iron is fully magnetised. On further movement 
of the actuating mechanism the circuit is broken 
by the movable arm being struck away, and 
now the energy stored in the magnetised iron 
is given back to the system in the form of an 
induced current, the electro motive force of 
which may be anything from 50 to 200 volts, 
and a nwmentary arc is struck between the 
separated points, thus producing an intense 
spark of great volume. 

The advantages of this system are low maxi- 
mum electro motive power, for it must be re- 
membered that the voltage of a high-tension 
sy^em reaches a good many thousand volts, 
and consequently is much more liable to short 
circuit and leak. 

There are no delicate contacts to keep in 
order, the only contact, the one inside the cylin- 


cause the spindle to l^d. This is obviated 
passing the sleeve through the water-jacket (P) 
in the manner shown, and we may mention 
that many years’ experience with an ignition 
of this type has proved that this runs as per- 
fectly as any other ordinary piece of mechanism. 

It will be noticed that the dleeve passes 
through the water-jacket (D), and fits into the 
cylinder wall, which is provided with a taper 
hole to receive it, and this construction allows 
the sleeve to be ground into this hole without 
any chance of leakage into the water-jacket. 
It is held in position by a screwed sleeve (E) 
and the lock-nut (F). It will be noticed that 
there is a considerable amount of play left be- 
tween the hammer piece and the end of the 
sleeve. This is to allow any rust that may have 
collected between the two electrodes to be 
worked off by moving the spindle backwards 
and forwards in the sleeve. The electrical con- 
nections are clearly shown in this diagram. 

With regard to the actuation of the movable 
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der, being automatically kept clean by the 
fusing of the metal surfaces due to arcing. 

The insulation of the insulated electrode is 
not nearly so important as that of the high- 
tension plug. 

The disadvantages may be summed up in the 
word “ mechanics,” and they have been almost 
without exception mechanical weaknesses in 
the actuating mechanism. In dealing with the 
dififiiculty we will refer to the sketch (Fig. 39) of 
the movable electrode, and it will be seen that the 
problem is to pack a moving spindle (A) enter- 
fag a combustion chamber (C) in such a manner 
tlwt it will be perfectly free to revolve and yet 
be gas-tight. In this instance the packing con- 
sists in turning a shoulder (S) on the electrode 
(A), which being pressed against the face of the 
weeve (B) forms a gas-tight joint. It will be 
readily understood that this sleeve and spindle 
would get very hot, and would tend to ^um up 
the lubricating oil that finds its way in^de and 


electrode, this may be carried out in many ways, 
though in this case the electrode is fitted with 
a hammer and anvil piece (H). The anvil piece 
is secured to the spindle, and the trigger is free 
to revolve on the same, but the two are held in 
contact by means of a circular clip spring (K). 

An eccentric (F) (Fig. 40) mounted on the shaft 
has its rod (R) carried in a swivel guide "(G), so 
that the further end of the eccentric rod or 
tappet piece (T) moves in an elliptical path. 
On the up-stroke it moves towards the hammer, 
which it engages and forces upwards, rotating 
the spindle, anvil piece, and internal contact 
piece until the latter engages with the insulated 
electrode. This arrests the motion of every- 
thing but the hammer, which continues 10 
rotate, expanding the clip spring (K) until k 
disengages from the tappet piece, which at the 
top of the stroke moves away from it. On dis- 
engaging it is brought smartly on to the anvil 
piece, and by its inertia rotates the spindle and 
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r rates the contacts, there being a 9to(> iti* 
the cylinder (not shown) to regulate the 
amount of the separation. 

It will be noted that the rod is joined to the 
eccentric by a spring guide (S). This Is neces- 
sary, as otherwise should the direction of the 
engine be reversed, the tappet piece falling on 
the top of tlie hammer, which is arrested by 
the internal stoj>, would catise something to 
fracture. As it is arranged, the spring (S) is 
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compressed and brings the eccentric rod to its 
normal ^position when the tappet has swung 
clear. 

The g>ark is regulated by allowing one or the 
other of the tappet pieces (T) to engage on the 
hammer, which tappet pieces are arranged at 
different heights and can be brought into play 
by the movement of the handle (H), which by 
means of a feather and slot in the eccentric* 
rod rotates the latter as desired. 

An important point is to insulate the fixed or 
insulated electrode. A very^ good way is to 
slightly counter bore the cylinder cover or part 
wfiire the electrode passes through, and to make 
the hble through the same of a greater diameter 
than the electrode sleeve (M) through which the 


electrode is screwed. A collar (L) is provided ^ 
one end of the sleeve, and at the other Is , a 
washer, out, and lock-nut (O). 

Mica washers (P) are provided to fit both 
sleeve and counter-bore, and the result is that 
an air-tight joint is made and the sleevfe tS 
centred in the hole. 

break Gear, 

One of the essentials of a good gear is that the 
rapidity with which contact is broken shall be 
independent of the speed of the engine, other- 
wise a separate system of ignition for starting 
up will almost certainly be required. The type 
illustrated (Fig. 42) is a very serviceable one, and 
possesses^ the merit of simplicity. The upper 
drawing is sup|x>sed to be a horizontal section 
through the side of the cylinder, the water-jacket 
being, of course, taken round it, and shows the 
insulated low-tension plug (P), and the rocking 
lever beside it, of which the part (B) is inside 
the cylinder and makes contact with the end of 
the plug (P). The outside arm of the rocking 
lever is forked, as shown, to take the tappet 
rod (T) (lower part of illustration, which is an 
elevation of the arrangement). The tappet rod 
engages with a cam on the half-time shaft in the 
ordinary way, and is normally held down by its 
own spring after the manner of a valve, so that 
the head (H) presses on the fork of the rocking 
lever and pulls it down, whereby B is kept out 
of contact with P. 

Now when the tappet rod (T) is raised by 
Its cam, the spring (S; pulls up the forked arm 
of the rocking lever, the arm (B)of which, inside 
the cylinder, then makes contact with the plug 
(P). The back of the cam operating T is cut 
away very steeply, and so gives a sudden release 
to the tappet rod which, under the influence of 
its spring, hits the fork of the rocking lever 
and so breaks contact inside the cylinder. The 
whole of this gear is mounted on the plate (C), 
which is ground to a perfect fit in the cylinder 
and secured by two studs as indicated. 

Timing of the ignition may be varied either 
by moving the trip gear camshaft relatively to 
the engine crankshaft, or the ends of the tappets 
may be moved through a certain range across 
the axis of this shaft to bring them sooner or 
later into contact with the cams. To set the 
timing right relatively to the engine, the advance 
and retard gear, if fitted, should be set to a 
midway position, and the camshaft so set that 
the cams release the tappets just when the 
engine is on the dead centre, and in each case 
of course, on the firing stroke. 

Low-tensioa Magneto, 

The place of the battery and solenoid can be 
taken by a magneto having only a low-tension 
nylndin^, and for this system the connections are 
as in Fig. 4^* 

The brush (A) collecting current from the slip 
ring of the magneto Is connected to the bus bar 
(8) alongside the cylinders, .and switches (C) 
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connect the bus bar to each of the sparking |>lug 
terminals. 

The trip gear must be of such a design that 
the connection to each plug must only made 
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just before it is to be broken* again, for if the 
plugs w^ere left short circuited, except just at 
the moment of breaking contact, in a multi- 
cylinder engine it is evident that no spark would 
occur at the cylinder supposed to be on its firing 
stroke, since the current will merely divide itself 
between the remaining cylinders. 

This necessarily rather complicates the design 
of the trip gear, and, in consequence, at least 
one firm prefers to use a low-tension distributor, 
with which, of course, all inoperative plugs can 
be left short circuited. A diagram of connec- 
tions in this case appears herewith (Fig. 43)* 

The trip gear is very roughly indicated, and its 
exact method of operation is not shown. The 
magneto is set relatively to the trip gear so that 
each of the breaks occurs when the armature is 
in a “ maximum position. 

Rotating Shield Type. 

The rotating shield principle is, of course, 
applicable to low-tension magnetos, and still 
further simplifies their construction in that not 
even a slip ring is required, the live end of the 
armature winding being taken straight to a 
terminal, and thence to the bus bar, or low- 
tension distributor, as the case may be. A mag- 
neto of this type will give four sparks per revo- 
lution, and so must be driven at a suitable 
Speed, as already described for high-tension 
magnetos. 

Oscillating shield low-tension magnetos are 
also to be met with ; they require the same treat- 
ment so far as arranging the drive is concerned 
as their high-tension prototypes. 

In conclusion, it may be pointed out that con- 
nections could be still further simplified by put- 
ting all the make-and-breaks in series, leaving 
all short circuited except at the moment of 
firing. The only objection to the plan is, that 
should one contact become sooted up or bfwen, 
jpr should the trip gear of one cylinder get out 
of order the engine will stop, and on this 
account the system is never adopted on modern 
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engines, though we believe that in some early 
experiments with low-tension ignition series 
connections were used, and that endless trouble 
was experienced in consequence, though of this 
we cannot speak with certainty. 
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tkU^ Mmgmik against the short platinuhi scre^ ll>3r of 

The new Bosch magnedc jplug ignition con- ' a spring (8) that is fixed to the betl-crank lever 
sists essentially of a low-tension magneto and (lo). The Utter is electrically connected to the 
patent magnetic plugs (system Honold), which contact breaker disc, and thus ^<H’t-cIfcults the 
latter take the place of a mechanical make- auxiliary winding as long^s the two platinum 
and-break gear. The great advantage of this points are in contact. This short circuit is, 
form of ignition over the ordinary low-tension however, interrupted as soon as the bell-crank 
is that no extra cam and make-and-break lever is depressed by the steel segments of the 
tappets are required, as the interruption is timing gear. 

effected by the current itself. There are few The connection of the main winding to the 
wearing parts in the plug, and these can be distributor is made as follows : A brass cap (12) 
easily renewed. The fact of all the working is fitted tightly over the contact breaker, but 
parts, other than in the magneto, being in the insulated from the same. A carbon brush, 
plug itself enables this system to be adapted mounted on a spring, is fixed into this cap and 
to any motor without the necessity of special presses against the electrically-connected fasten- 
fittings, while the simplicity of the invention ing screw (4), thus completing the circuit 
allows of its being easily understood and kept through the cap (13) and spring (14) to the 
in order by even the inexperienced. centre carbon (i6) on the distributor. In the 

We will now give a description of the mag- distributor disc (17), carbon brushes are placed 
neto (see Fig. 44). Between the pole shoes of round the centre carbon (16), the space between 
the double magnets (i) rotates a shuttle arma- them being equally divided into a nunil^r of 
ture (2) carrying two current-producing wind- brushes, according to the number of cylinders 
ings — the main and auxiliary, one being a con- on the engine for which the m^neto is in- 
tinuation of the other. The beginning of the tended. Each of these brushes is in connection 
main winding is connected to the armature core, with the terminals (18) on the outside of the 
and the end connection of both windings leads distributor disc, which in turn transmits the 
to the contact piece (3), which passes through current through single wire cables to the corre- 
the hollow portion of armature spindle, being spending magnetic plugs. To accomplish this. 
Insulated from the latter. This contact piece gear wheels are provided, the larger one carry- 
carries on the outside the contact breaker disc ing a brass segment (19), which distributes the 
(6), to which it is electrically connected, llie current from the centre contact brush to the 
auxiliary winding is connected with the con- various terminals. 

nection piece (23), into the nose of which screws The method of operation is as follows \ The 
the fastening screw (4), This screw fixes the current generated in the two armature coils at- 
contact breaker and at the same time conducts tains a ma.ximum twice per revolution,^ the 
the current to the contact piece (5). The con- short circuit of the auxiliary coil being intcfi- 
tact pieces (3) and (5), as well as the screw (4), rupted at the moment of sparking and the main 
are insulated from the armature and also from current reinforced by the extra current is then 
tile contact breaker disc (6). The contact piece conducted over the distributor to one of the mag- 
(S) carries a platinum screw (7), which is pressed netic plugs, which latter will now be described. 
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Th^ plug consists essentially of ' a hexagon 
body (23), above which is the ma^etic coil (^) 
in an iron sleeve (4). The central portion of 
the plug contains interrupter lever (i), the pole 
piece (2), and a U-shaped spring (3). The 



part marked (2) forms the pole piece of the 
magnet, which, when magnetised, attracts the 
top part of the interrupter lever, which forms 
an^ armature. This lever (i) rests on a steel 
knife-edge, while the lower end (20) of the lever 
is kept pressed against the contact piece (21) 
<m the plug body by means of the U-shaped 
spring (3), which bears on the back of the lever 
close to the pivot. The spring. has the advan- 
tage of only having a very small movement, 
while it is well protected from any hot gases. 
The two contact pieces just mentioned have a 
special form, the fixed contact (21) being of V- 
shape, into which the moving contact (20) drops. 
The lever also has a slight side play, to enable 
the contact head when dropping to slide to one 
side, in case the other is sootM up. Another 
purpose is also served — a slight rubbing of the 
contacts is promoted, which tends to keep them 
clean. 

The method of working is as follow^s : The 
current from the magnets passes through an 
insulated conductor to the coil, thence through 
the connecting screw (26) to the lower magnet 
yoke piece and the interrupter lever. The plug 
body is insulated from the remainder of the plug 
by the steatite cone (22) and the washers (18), 


and is, of course, The lever Is at 

once actuated by the passing of the current, the 
armature being attracted and the eontacts sep- 
arated. We have now the same state of affairs 
as in the ordinary mechanical make-and-break 
arrangement, and the interrupted current sparks 
across the contacts^from the lever to the plug 
body. ^ 
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f# Interrupter lever. 

2, Pole puce. 

3, U-ihabed spri^ g. 

4, Iron sleeve. 

5, Ma^Mticeoil. 

6, Current conducting ring. 

7, Current conducting nvet, 

8, Mica washer. 

9, Nut for terminal 

10, Current carrying plate. 

11, Insulating bush, 

12, Mica ring. 

11. Upper magnet yoke piece. 


1 /. Detachable brass piece, 

15, Separating brass piece, 

16, Internal ring nut, 

17, Centre rtng, 

11. M tea plates. 

19. tacking washer. 

20. Contact piece on interrupta^, 

21. Contact piece on plug body, 

82. Steatite cone, 

23. H exagon body, 

24. tacking rtng for coil, 

25. Lower magnet yoke piece, 

26. Connection screw for lainding. 
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POINTS TO 

W * 

Accumuimton* 

Never leave an accumulator for more tiian 
three weeks without charging, even if not used. 

Always keep terminals well greased, but 
clean the faces where low*tension wires come in 
contact. 

Do not allow dirt or damp to accumulate on 
the top of the cells. 

Have the cells properly enclosed in a box. 

Switches* 

Never fix a switch in a position where its 
handle can catch in clothing. 

Always arrange a tumbler switch to be “ on ** 
when the handle is pressed downwards; this is 
the standard arrangement in electric light in- 
stallations, and should be adhered to to avoid 
confusion. 

Coils* 

Never mount a coil in close proximity to an 
exhaust pipe, excessive heat may melt the in- 
sulation. 

Never put it in a position where petrol vapour 
can accumulate, as the spark at the trembler 
is quite sufficient to cause an explosion. 

Trembler adjustment sometimes entails some- 
thing more than setting of the contact screw. 
If a safisfactory result cannot be obtained by 
this means, the distance of the armature from 
the core of the coil may have got too great by 
reason of the stop screw getting worn, and the 
armature may be set closer by screwing this 
down a little. 

Provision should always be made for protec- 
tion from damp. 

To reduce the length of the high-tension leads 
the coil should be got as close to the engine as 
is compatible with the points already mentioned. 

Wgh and Low^tenaioa Distributors* 

All kinds of moving contacts should be kept 
scrupulously clean, and low-tension wipe con- 
tacts may be occasionally oiled, but only thifi 
oil should, be used. 

Pine particles of metal sometimes get worn 
off by fbe high-tension distributing arm as it ro- 
tates past the high-tension terminals, and these 
particles, if allowed to accumulate, may cause 
short circuiting and sparking across from one 
terminal to another ; they should always be care- 
fully away. 

Wiring. 

Never sdnt the amount of high 4 en^on wire 


REMEMBER. 

used for the sake of saving a few pence; allow 
plenty of slack for the rock of high-tension dtSf 
tributors when the ignition is advanced or re^ 
tarded. 

Avoid long lengths of exposed high-tension 
wires, and where wires have to be exposed, 
never tie two or more together, keep them sepa- 
rate as far as possible. 

Whenever possible carry all wires , through 
vulcanised fibre tubes, so arranged that water 
cannot possibly collect inside. 

Mark every wire i, 2, 3, 4, etc., according to 
which cylinder it has to be connected to, and 
make sure that each wire can be taken clear of 
the engine without disturbing its neighbours. 

Make it a rule never to simply twist up the 
end of a wire to make a connection, it is sure 
to break sooner or later, and will probably do 
so just when it is not wanted to. Fit proper ter- 
minals to each end of each wire; there are a 
great number on the market to choose from, and 
they cost hardly anything. 

Magnetos. 

If one cylinder only of an engine fitted with 
magneto ignition is misfiring, the trouble must 
lie in the high-tension circuit, either the plug 
may be dirty or broken, or that terminal *of the 
high-tension distributor connected to the fault) 
cylinder may be short circuited. If the misfir- 
ing is common to all the cylinders, it is probabh 
the low-tension contacts that need attention- 

Never allow any loose fitting to knock 
against the magneto; constant tapping of the 
magnets causes them to lose their magnetism. 

A magneto should not be installed close to a 
carburetter; petrol will have a very injurious 
effect on the insulation, and there is also danger 
of a fire being started from sparks at the con- 
tacts. 

If a chain drive is employed, do not allow the 
chain to get at all slack or the timing of the 
magneto may vary appreciably if the ei(jtgine is 
not running quite steadily. On the other heod* 
be careful not to have the chain so tight as to 
strain the magneto shaft. The shaft is WcAk, 
and there is only a very small clearance in the 
armature tunnel ; the least whip in the shall 
may bring the armature against the 
poles and strip off the insulation. 

Do not be too anxious to put every Httift 
trouble down to the magneto, it Is one of the 
least likely parts of a motor to go wrong if it 
is given fair treatment 
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SCREW PROPELLERS* 

TkiM Bimple Bxplmnmtton Bt aome of tho priaciplBM lavolvBd in iko design of Serew 
Prdpeiien is intended merely ns mn introduction to tbe more detmiled end teetmieei 
ertfclee which follow, but to tbe mmmteur who does not cere to dip too for Inio e 
mmewbet mbetruee subfect this Introduction will be outflclent to enmble bim to un* 
defwtmnd tbe wey In which m propeller works end tbe essentiml feetures of Its design. 


The importance attaching* to every detail in 
ihe construction of a screw-propeller cannot be 
over-estimated. Even in big ships where pre- 
vious experience has proved invaluable to the 
propeller designer, knots have been added to 
their speed by changing propellers. Of late the 
development of high-s|>eed motors and turbines 
has introduced an entirely new set of conditions, 
and the results with difterent designs of blades 
have been even more widely divergent. Com- 
paratively little is known about propellers. A 
considerable acquisiti(^n of knowledge might 
£ilmpst revolutionise marine propulsion, and the 
subject is one that cannot be too closely studied. 

To clearly explain the principles underlying 
modern screw construction, it is necessary to 
recall the efforts of the pioneers in this work. 
After some experiments, beginning with a screw 
of one complete turn or thread, it was soon dis- 
covered that the best results were obtained with 
a propeller composed of two blades, diametrically 
opposite, the breadth of each being equal to the 
omssixth part of a complete thread. The pitch 
of these screws was necessarily large, but the 
thread itself was thin, though deep, consisting, 
as it did, of a strip of sheet iron wound spirally 
round a mandrel. 

The early screws — using the word in its 
modern sense as a contraction of screw-propeller 
—were all two-bladed, but, well as these worked 
in smooth water, the violent strain to which the 
blades and shaft, together with the hull, were 
subjected in a rough sea, when the screw was 
alternately covered and uncovered by the water, 
fed to the adoption of three- and four-bladed 
propellers. Three-bladed propellers are not, per- 
haps, in such general use as the four-bladed on 
large vessels, because the loss of a blade to the 
former entails a much greater strain upon the 
engines than it does with the latter, but on 
motor faiitiches the three-bladed type is by far 
the most common. 

Thus far the screw had been evolved by prac- 
tical experiment; no theoretical investigation 
had as yet aided in its improvement. Soon 
afterwards, however, when It became apparent 
that the screw would oust all other ntetnods of 


propulsion for steamers, the mathematical study 
of it was commenced. To this day, however, 
the construction of screws is subject moye to the 
designer’s individual ideas and a few accepted 
empirical formulae than to any mere theoretical 
calculation. 

Having sketched the considerations which de- 
termine the number of blades to be used, we can 
now proceed to see what further conditions 
govern the choice and adoption of a certain 
screw. In one revolution of the screw the 
vessel should move forward through a distance 
equal to the pitch, but in reality it does not; it 
moves through less, owing niainly to the fact 
that the screw does not obtain a perfect grip 
of the water. Owing to the inertia of the 
water, the rotation of the screw creates a pres- 
sure on the blades in a direction fore and aft ; 
to make this clearer it may be said that because 
the water behind the screw does not immediately 
move, the screw itself must move forward or 
backward, as the case may be ; the action is- 
analogous to the motion of a screw when driven 
into w<xkI. To this forward pressure on the 
back of the blades must be added another pres- 
sure in the same direction, not differing much 
in intensity from the former, but acting on the 
other side of the blades, and due, so to speak, 
to a sucking effect caused by the displacement 
of water from that side of the screw. It is ow- 
ing to this action that the lines of a boat assume 
such importance, due to the necessity for secur- 
ing free delivery of water to the propeller.* 
distance by which the forward m^ion of the: 
boat, for one revolution of the engine;, falls 
short of the pitch of the screw, is known as thp 
slip; the ratio of the slip to the pitch is usually 
from 15 to 20 per cent,, occasionally rising to as 
high as 25 per cent. The intended speed of the 
boat being known, one adds to it the slip for the 
same unit of time, and dividing by the nuttiber 
of revolutions per minute of the shaft, the re-" 
quired pitch of screw is obtained. 

The ratio which the pitch bears to the dia- 
meter of the screw is known as the pltsch riSttib ; 
the diameter of the screw is, of course, inea^ 
sured from the tip pT one Wade pb the tip of the 




ihary schooner with a 7h.p. Mitcham engine. 







Ipliosite OIK. It has been found that in certaih' 
.biases the ratio may be between .8 and 3.5 without 
■ any appreciable variation in efficiency, although 
the extreme values present other drawbacks ; and 
they correspond to the ratios used in screws 
which have given most satisfactory results. By 
mathematical calculation the best theoretical 
ratio cad be obtained for any shape of hull ; but, 
unfortunately, this does not agree with the ratios 
■found by actual practice; this is by no means 
due to any flaw' in the mathematical theory, but 
to the difficulty of obtaining a true expression 
for the prevailing conditions. 

There remains to be calculated the blade area. 
iV few explanatory remarks are necessary. The 
4pof the blade, during one revolution, obviously 
; sweeps out a circle, and this is knowm as the disc 
’dfcle. The area of any simple portion of a 
helix, or screw thread, is not easily calculated, 
much less easily then the area of a screw blade, 
which generally has a complicated peripheral 
shape. To overcome this difficulty the area of 
a screw blade, when projected on the disc 
circle, is generally used for calculation. It has 
already b^n remarked that the earliest investi- 
gators adopted a blade area equal to one-third 
of the disc area : vu., two blades, the area of 
each of which was equal to the one-sixth part 
of a complete screw thread. Obviously, then, 
combined they had an area of one-third of one 
Complete thread, «and this ratio remains in Ihc 
projection on the disc circle, making the blade 
area equal to one-third of the disc circle area, 
Pompare this w'ith the blade area used in some 
of the Yarrow destroyers, which is almost ex- 
aetty .35 disc area, or just over one-third. How- 
ever, this figure is by no means universally 
employed; the limits usually are from .3 to .45 
disc area depending chiefly upon the lines of 
the hull. It must by no means be believed that 
satisfactory results are certain to be obtained 
in all cases l)> adopting any value between these 
limits. Indeed, in "rnany cases a very much 
larger area has been found desirable, notably 
in boats with very fast-running engines. 
“ Wplseley-Siddeley,” for instance, with engines 
running at over i,ooor.p.m., required enormous 
blade area. Again, take the case of the new 
-coastal <kstroyers whose turbine engines run at 
i,i5or.p.m. and drive the boats at about 27 


knots, 'the 'Mkde' 

pery new type of hull a series o«l 

is necessary to deterrtiiiie the exsKt 

sions, as well as to find the 

shaped blade. The blade area is now tBvicM 

the number of blades, and the area of eadi btaijfij/' 

is then obtained. ^ 

The shape of the blade to be adopted primaril^: 
varies with each designer ; a common rule is to , 
give the blades an elliptical shape, the breadj^'; 
of the blade forming the minor axis ajnd. tlJeV 
length of the blade from the centre of the 
to the outer edge being the major axis; 
may be varied by cutting off and rounding 
outer edge. Again, the ratio of the major 
to the minor may be varied almost indefinitely i.* 
each variation giving a different shape. In Cne " 
particular, however, all designers are agreed — - 
that is, in cutting off the inner part of the blade/; 
and making the boss larger, than is absolutely'^ 
necessary for strength ; this inner [X)rtion of the 
blade, if left, would only produce a rotation of"; 
the water rather than a backw'ard motion. The - 
edges of all blades are bevelled off to cut the ; 
water more easily. 

The material of w'hich a screw propeller is 
generally made is either phosphor-bronze, or,, 
some other bronze ; not that bronzes are stronger 
or more rigid than steel, but they combine 
strength with the property of retaining a better 
l>olish, and a polished blade surface is of para- 
mount importance. A propeller, after only a 
comparatively short immersion in water is liable 
to become coated with weeds or shells, and when 
this occurs a serious loss of speed is the result. 

Friction plays quite a large part in the effi^ 
ciency of a screw propeller, and it is a considera- 
tion of this which governs the whole design of 
a screw ; every detail is influenced by this 
consideration, which, however, is so essentially 
a mathematical question as to place the truly 
correct design of a propeller in the hands of cmly 
our best shipbuilders. It is much to be regretted 
that they are so reticent on this subject ; although 
at the same time it is unlikely that they, as 
business men, are going to give free publicity 
to data and experience which have cost them 
years of time, and, perhaps, thousands of pounds 
to obtain. 
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THE PROBLEMS OF 

A Complex Problem, 

Few subjects, if any, have borne a greater 
wealth of literature than the complex, and often 
unintelligible, results which surround and fol- 
low the operations of a screw propeller. Some- 
times a new and different propeller is fixed upon 
a ship, with the unexpected result that a knot 
or more may be gained or lost by the change, 
and, notwithstanding the above-named super- 
abundant literature, plus the “ rule of thumb ” 
or acknowledged guess-w^ork, we remain almost 
as much in the dark as ever concerning what 
has really happened in consequence of the ap- 
plication of the new form. Of mathematical 
disquisitions concerning the propeller there are 
no end, and experiments also lead up to much 
the same conclusion as the late Mr. Robert Grif- 
fiths expressed in his half-joking statement that 
** a plain, flat sheet of iron, set at about 40 de- 
grees to the plane of rotation, would give, 
within 5 per cent., as good results as could be 
got from the most carcfullv-designed propel- 
ler 1” 

Of course, this epigram is somewhat exag- 
gerated, and Mr. Griffiths, himself a great 
authority on the subject, knew perfectly w'ell 
what were the limitations most suitable for 
range, pitch, and area of the screw blades. 
This, however, is certain, from experiments 
tried by pure accident, that a broken propeller 
often gave better results than the same pro- 
peller gave when complete, and that a single 
blade, with all the others broken off, enabled 
a boat to do quite a respectable performance. 
This was shown on a tug-boat, in the presence 
of Mr. Griffiths and the author, where two 
blades out of three got broken off, and one blade 
brought the boat safely home, nobody being 
aware of the accident until she was placed in 
dock. 

Thus it would appear that very great differ 
ences may occur in the area of screw propellers, 
or in the number of their blades, and very little 
change take place in their performances. But 
the item which permits of the least variation is 
the one which, unfortunately, is varied inces- 
santly, namely, the “ pitch ” or advance of the 
screw in any single revolution, as if through a 
solid medium. 

Propulsion through the water, or on its sur- 
face, is carried on in a variety of ways, but 
there is one separate underlying universal prin- 
ciple, namely, that for every movement of the 
Iship forwara there is a movement of corre- 
sponding value by a column of water back- 
wards. This principle and its bearings are not 
always realised by amateurs. 


SCREW PROPULSION. 

Action and Redaction, 

As a preliminary to a consideration of the 
problem of screw propulsion, we may well com- 
mence with an examination of the methods by 
which movements of the inhabitants of the seas 
swimming on its surface are carried out. Here, 
again, it is in accordance with one universal 
law that these movements are controlled, 
namely, that for every advance forwards there 
is a corresponding movement of equivalent 
value in ft. lbs. per min. or horse-power driven 
backwards. These movements are produced in 
various ways. In the lower orders of life, the 
cilia or hairs of minute organisms serve a 
double purpose. In the rotifera, for example-, 
they are so arranged that when these creatures 
are anchored to a stone they serve to bring food 
by creating a current of water, but w’hen the 
organisms are free to move about, the same 
hairy appendages act the part of propellers, by 
corresponding movements which brought them 
food when they were fixed. It is, however, 
from the larger inhabitants of the ocean that 
we learn most as to their means of making 
progress through the water. The octopus con- 
verts itself into a pump, sending a current of 
water backwards, thereby propelling itself by 
spasmodic movements forwards. This principle 
has been used in the construction of vessels 
such as the “ Waterwitch,” provided with an 
internal centrifugal pump. These schemes, 
however, have not, up to the present time, re- 
ceived any such measure of success as would 
lead to the impression that the screw propeller 
rnight be in any jeopardy owing to the competi- 
tion of such devices. In connection with this 
mode of construction it may be noticed that 
whether they drive a column of water back- 
wards, below or above the surface, correspond- 
ing results will follow, thus showing and prov- 
ing that it is the weight of water thrown back 
that gives the necessary resistance to ensure 
progress forward, and not any resistance by 
water below, acting after the manner of a solid 
body. 

If observations be made on the swimming of 
a frog or a duck, it may easily be seen that the 
legs, with their large webbed feet, act almost 
exactly the part of a paddle-wheel, giving a 
movement directly backwards, while the crea- 
ture itself moves forward. In the paddle, how-- 
ever, there is a loss of power from water es- 
caping sideways, which is prevented in the case 
of a frog t)r duck by the construction of their 
feet, and the semi-elastic character of the webs 
between their toes, giving a ** feathering ar- 
rangement of singular perfection and beautv. 
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AnmH^y oi Pisbes. 

These, in short, are the chief methods of pro- 
gression until we come to the action of fishes, 
which corresponds most closely with that of a 
screw* propeller. The tail of a fish, moving 
sideways in a sort of wriggling fashion, pro- 
pels the creature forward in much the same 
manner as a man in sculling with an oar over 
the stern of a boat moves it sideways in one 
direction or another, and so propels the boat 
along. There admits of little doubt that an in- 
vestigation concerning the movement of fishes, 
more particularly such quick travelling speci- 
mens as the Spanish mackerel, would gather 
together an amount of useful information of a 
most valuable character, such as might go far 
towards settling some disputes as to actual 
facts, the uncertainty of which so encumbers 
the whole subject of screw propulsion. Not 
that observers of the few experiments hitherto 
made intentionally misrepresent them, but more 
generally because in all hydraulic experiments, 
it is doubtful what any new combination will 
really do until it has been put to the test. Ameri- 
can experiments to ascertain the exact move- 
ments of a fish in swimming were made by 
causing its swimming to occur in shallow 
water : taking a succession of photographs by 
a sort of cinematograph, so as to show all the 
swimming phases of movement from a certain 
position, until a return to the same position. 
There does not, however, appear to have been 
much made of a comparison between such 
movements and those of a screw propeller, al- 
though the subject would without doubt reward 
any investigator who may master the complex 
phenomena displayed by the performance of a 
fish during its progress through the sea. 

The designs for all the movements of animals 
are all adapted to their needs and conditions of 
life, so the best we can do is to copy as closely 
as possible the teachings of Nature, only modi- 
fying her constructions in consequence of our 
inability to use the same sensitive material 
which she supplies in such abundance. 

No, animals move in exactly the same way as 
a locomotive engine, yet the principle of con- 
verting a strong muscle of short stroke as a 
lever of the third order is exactly analogous to 
the use by a locomotive of the same third order 
of lever, only disguised into the form of a 
crank and a wheel: so, in the case of screw 
propellers, we have to follow out the same prin. 
ciples that govern the movement of fishes when 
we want to ascertain points that may exert 
much influence in the general construction of a 
screw propeller. 

The Early Theory. 

Since the screw was first dreamed of by 
Hooke, in 1680, noticed by scientific men early 
in the 18th century, and finally applied and 
brought into general use in the 19th century, 
attempts have been made in numerous quarters 
to devise a satisfactory theory to account for its 
working. The original theory, in all these at- 


tempts, was based upon the false assumption 
that water acted the part of a solid body, and 
that the screw wormed its way through this 
ideal and altogether impossible fluid. This 
theory lent itself to a very simple rule that the 
advance of the screw and vessel to which it was 
attached should, under all circumstances, he 
equal to its pitch. No doubt this proportion 
came right in some cases, but in most others ^ 
the progress was less than the pitch, and this 
was put down as positive ^‘slip.” Matters, 
however, became very complicated when it was 
discovered that with a singular perversity some 
vessels went faster than was due to the pitch, 
and-'this was called “ negative slip,” a confu- 
sion of terms which reflected little credit upon 
those who endeavoured to explain w hat in itself 
was a manifest absurdity. “Negative slip” be- 
comes simply a kind of “ perpetual motion ” 
under another name, and experience has shown 
that many of the best performances have been 
secured by vessels where the ” slip ” was con- 
siderable, and some of the worst of all in cases 
where there was no slip, or where what there 
may be is negative I 

Admiralty Experiments, 

Our Government does not usually emulate 
the foreigner by spending national money on 
matters of interest vital to the whole community, 
but exception must be made to this general 
rule in the case of the “ Active ” and “ Grey- 
hound ” experiments, and also through the very 
valuable series of experiments of the late Mr. 
Froude, which have been continued by his son, 
for which all proper and convenient provision 
was made by the Admiralty. 

The object of these experiments was to as- 
certain what, if any, was the difference between 
the pull on a tow-rope towing the “ Greyhound” 
(1,157 by the “Active” (3,078 tons), and 
driving the “ Greyhound ” by her own engines. 

A dynamometer was placed in the tow-rope, and 
with this arrangement it was found that the 
haulage obtained by the dynamometer was 
io,77olb., while the speed of the screw was 
1.245ft. per minute. 

But when the “ Greyhound ” went at the 
same speed driven by its own engines, the pres- 
sure deduced from its indicator diagrams be- 
came 20,8301b., instead of 10,7701b. 

Thus the horse-power required to drive the 
ship by its own screw was double as much as 
was required on a tow-rope from an independent 
source of power. Attempts were made on more 
or less unlikely theoretical grounds to excuse 
this unexpected result, but, as a matter of fact, 
it is just what might have been anticipated, 
when it is admitted that the propulsion of a 
vessel forward is secured at the cost of a back- 
ward current absorbing equal horse-power. 

So far as Mr. Froude’s experiments have 
gone, much useful information has been, se- 
cured, and one important conclusion reaphed 
by this acute observer has been described by 
him in the following termf>: 
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“ The calculations point to the conclusion 
th^t a very much longer pitch than has com- 
monly been adopted is favourable to efficiency ; 
and that» instead of its being correct to regard 
a large amount of slip as a proof of waste of 
power, the opposite conclusion is the true one. 
To assert that a screw works with unusually 
little slip is to prove that it works with a large 
waste of power.” 

Basis oi the Theory, 

Now, what is the basis of this discredited 
theory of screw propulsion, reduced from the 
lofty standard of mathematical symbolism 
down to the plain language of simple geometry, 
explaining it by grafwiic diagrams, which any- 



one can understand? A screw may be defined 
' as an inclined plane wound round a cylinder. 
It may be of any desired steepness and any 
depth of thread, and, when unwound, it is ac- 
curately represented by Figs, i and 2. In both 
cases the base is 22ft., which represents the 
circumference of a screw 7ft. diameter. 

In Fig. I the pitch DE = 6ft., and the angle 
of the blade AB, as compared with the circum- 
ferential line CD, is DCE = 15 degrees, and 
with ” no slip ” this proportion should cause the 
ship to advance 6ft. per revolution of its screw. 
Possibly it might travel faster than the current 
due to pitch in Fig. 1, for this is the kind of 
propeller where so-called ” negative slip ** may 
be found. 


Contrasting this now with Fig. 2, where 
the same base of 22ft. is maintainSi, the angle 
D^C^Ei alone is altered, being doubled, and now 
equals 30 degrees. We find the pitch 12ft., 
which would represent a movement of the ship 
to that amount, provided there were no slip, or 
a movement of 6ft. with a slip of 50 per cent, 
per revolution of the screw. 

The original old theory of the screw propel- 
ler assumed the blade to slide through the 
water, a distance BC, thus pushing itself for- 
ward, and the ship also, a distance ED, in 
every revolution made by the screw. But in 
making any use of this theory it became neces- 
sary to make so many allowances that the prac- 
tical result was hopeless confusion. This theory 
fulfils none of the elementary uses that every 
sound theory should possess. It gave no assist- 
ance whatever to those practical men who would 
be only too thankful for any help over so diffi- 
cult and complex a problem as to the best pro- 
portions of a ship and its propeller. It gives 
him instead a series of empirical rules and 
doubtful constants, all of which are practically 
little more than glorified ” rules of thumb.” 

Pitch Angie, 

Having proceeded thus far, it would appear 
that an inclination of the screw blade amount- 
ing to about 40 degrees to the plane of rotation 
should give a propeller possessing a high duty 
performance, and that any reduction upon this 
angle is detrimental to the performance of such 
a screw. This proix)sition holds good for all 
diameters, without exception It rules the pitch 
of a 12ft. screw- of a tramp or a torpedo boat 
with a 3ft. screw, making 600 revolutions per 
minute. If a screw has to run at a very high 
speed, it is under present practice the pitch 
that suffers, and, however good may be the 
economical performance of the engines and of 
the boat itself, the sum of efficiency (which 
should include the propeller) is less than it 
might easily have been, not by reducing the 
pitch, but by altering the diameter of the pro- 
[>eller, and so maintaining the best inclination 
of the screw blade to the plane of rotation. It 
must be remembered, however, that the figure 
of 40 degrees is not meant to be exactly copied 
in every case, for there are certain influences 
which modify this conclusion, and these depend 
in a great measure upon the lines of the ship 
and other matters, which are best considered 
one at a time, so that at last, perchance, we 
may discover the complex curves which will 
pr^Lice the best form of screw blades for any 
ship at its mean speed through the water. 

Resuits oi Experiments, 

The first and most obviously practical thing 
to do is to seek and ascertain the results of much 
experimental research so as to fit a new theory 
to ascertained facts, and although there have 
been many thousands of screws' constructed, 
yet the valuable data they might have furnished 
has never been observed or classified, or, at any 
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ratie, never published. So far as the author is 
aware, even the direction taken by the currents 
driven backward by the screw has never been 
properly ascertained, by public or private in- 
vestigation, and he can only fall back upon 
some of his own experiments, taken many years 
ago, for ascertaining this point. These experi- 
ments were made upon a three-bladed Griffiths 
screw, 3ft. 6in. diameter, belonging to a canal 
tug- boat. 



The apparatus employed is illustrated by 
Figs. 3, 4, and 5. It consisted of an iron vane 
(Vy attached to a square rod (R), which passes 
upward above the deck, and is held in position 
below or above the centre-line of the screw by 
a bracket attached to the rudder post. At the 
upper end of the rod (R) there was a finger (F) 
placed vertically above the v’^ane (V), so that 
whatever might be the position of the vane, it 


was exactly known by the finger and dial (D) 
marked in degrees, and the results of observa- 
tions on this apparatus revealed some very in- 
teresting facts under several different systems 
of working. 

They are all given in the table (on next page), 
which shows the results of some experiments 
that were made on a steam tug, with a view to 
ascertaining the direction of the currents driven 
backward by the screw. The first column 
shows the position of the vane at various dis- 
tances from the centre of the screw shaft. 
Column 2 gives the angle of the screw blades to 
the plane of rotation at each distance. Columns 
3 to 6 give the deflection angles and the pres- 
sures when the screw is propelling the tug 
alone. The next set of columns from 7 to 10 
show the different results obtained when the 
tug was towing two loaded barges, whilst the 
last set of columns, from ii to 14, show how 
much the deflection angle has increased in every 
case, and the pressures have considerably al- 
tered during the experiments made whilst the 
tug was moored to a post. The steam pressure 
and the number of revolutions per minute at 
which the engine was running in each test are 
given. 

The figures given in the section under the 
heading ** Moored to a Post would serve to 
show that the extremity of the screw was only 
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Jbcpertments on Steam Tug to aacertaiii direction of Currents DrlTen Backward toy tbe Borew in relation to 

line of Engine Shaft. 


Radii below centre of 
screw shaft. 

Angle of Screw Blades 
to Plane of Rotation. 

Propelling itself alone. 

Towing two loaded barges. 

Moored to a post. 

s 

55 

Revolutions. 

Deflection 

Angle. 

Pressure on 
lOsq. ins. 

Steam. 

Revolutions. 

Deflection 

Angle. 

Pressure on 
lOsq. ins. 

Steam. 

Revolutions. 

d 

0 • 

0) ^ 

Q 

Pressure on 
lOsq. ins. 

Inches 

Deg. 

Ib 

Per 

min. 

Deg. 

lb 

ft 

Per 

min. 

Deg 

ft 

ft 

Per 

min 

Deg. 

tb 

17 

41 

60 

144 

35 0 

21 

60 

160 

45*0 

10 

46 

136 

72-5 

4 

14 

42 

,, 

— 

275 

18 

,, 


37-5 

13 

— 

— 

52-5 j 

8 

11 

42 

,, 

— 

25 0 

15 

,, 


310 

13 

— 

— 

50*0 1 

13 

8 

40 

»» 

— 

25 0 

12 

,, 


31*0 

14 

50 

1-U 

45*0 I 

11 

6 

— 

— 

— 

27-5 

12 

•• 

H 

310 

9 

— 

— 

42 5 ! 

— 

Col. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

12 

13 

14 


churning the water, while the inner diameter 
was acting efficiently. 

Direction of Water Current. 

Figs. 6 and 7 represent the directions of 


I 



the currents diagrammatically, and theyr point 
to the irresistible conclusion that the main cur- 
rent driven backward from a propeller leavp 
the blade at right ^ngles to iu surface. It will 



Fig. 8. 


be observed that there is here no indication 
whatever of any sliding action. Indeed, the 
fact that colonies of mollusca almost seem to 
prefer the surface of the rotating screw to the 
rudder or any part of the vessel indicates at 
once that there can be no sort of scour where 
such creatures make their nests. 

Of course, the statement that the water leaves 
the surface of a screw propeller at right angles 
is a generalisation that must be accepted with 
a certain amount of caution, for there are other 
causes which modify this action. For example. 
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whej*e the currents run into the screw from a 
vessel with a fine run they will differ from the 
currents entering from a coarse run, and it will 
be remembered once a current of water is run- 
ning in a given direction it requires a very con- 
siderable side pressure to change that direction. 

Besides, the direct action of the screw is modi- 
fied by the movement of the vessel it is driving. 
If, in the double diagram, Fig. 8, the ship 
moves YC, equalling i8ft., forward, while the 
water current YE, equalling 6ft., moves 6ft. 
backwards, then the actual direction of the water 
current is YK for one revolution of the screw. 
But the ship has moved forward YC, so the 
relative motion of the current, as observed from 
the deck, would be CK in the same period of 
time, and this angle ECK is only 12 degrees in- 
stead of 40 degrees, which is the real direction 
of the current. 

Similarly, if the ship be more heavily loaded, 
a greater current of water, such as DE, is driven 
back, for a less movement of the ship forward, 
such as DC. But the actual direction of the 
water current is DF, while all its useful effect 
is given out by DE, and the angle ECF, instead 
of being 40 degrees, is only equalling 23 de- 
grees. Every portion of the screw propeller 
surface has its own amount of water driven 
back, and also its own direction of current, so 
it may well be imagined that, although the sum 
of these movements may be considered as a 
single mass of water driven backwards, this 
does not by any means make the problem more 
simple. 

Loss of Efficiency, 

Any diagonal movement of the water current 
means so much loss of efficiency. For example, 
in Fig. 8 the line DF represents the direction 
and magnitude of a current driven backwards 
16 feet at an angle of 40 degrees to the line of 
screw shaft, whilst the ship advances 12 feet. 
The only profitable driving value, however, is 
represented by ED, equalling 12 feet. Conse- 
quently, the portion represented by EF* is alto- 
gether lost with the ordinary screw propeller. 

Looking at the other side of this diagram we 
see a current of 6ft., EY, driving the ship i8ft., 
equalling YC, which is obviously a much more 
economical arrangement than is shown by the 
preceding example. 

It^Tiight be argued that, as currents leave the 
screw blades at right angles to their surfaces, it 
should be a positive advantage to employ a screw 
of low pitch, but such is not found to be the 
case by experiment, and this is one of those 
ill-considered arguments where an imperfect ap- 
preciation of theory leads to wrong conclusions 
in spite of the facts. 

In such an example of a screw pitch of 15 
degrees to the plane of rotation, as shown in 
Fig. I, we assume that it belongs to a screw 
propeller where the ship advances 6ft. per revo- 
lution, which equals the pitch, so there is no 
“slip.’* It must, however, be admitted that con- 


siderably more than 6ft, of water j^r revolution 
must be driven backwards. This, for argu- 
ment’s sake, may be considered another 6ft. In 
such case the total current driven backwards is 
12ft. per revolution of the screw. But, as each 
following blade on its front or leading ^gc only 
allows of a movement rated at 6ft. per revolu- 
tion, the remaining 6ft. dashes itself against the 
leading edge of each following blade, which, to 
that extent, serves as a hindrance to the pro- 
gress of the ship. It is with screws of this 
character that a positive advantage has often 
been found by the breaking off of one or more of 
their blades. 

Pine and Coarse Pitch Compared, 

This kind of action diminishes with increasing 
pitch, and at about 40 degrees ceases altogether, 
and this behaviour of the screw blades in rela- 
tion to the currents explains why, in the balance 
of gains and losses, a coarse pitch gives superior 
results to a fine pitch, for the latter commits a 
sort of suicide by destroying with one blade part 
of the work done by the other. The effect of 
this action can easily be seen in the wake of 
any screw propeller of short pitch, where the 
water does not follow in an unbroken column, 
but separates into a multitude of curls and 
twists, which would at once condemn the design 
of a turbine, if such a result were given by that 
motor. The rules of hydraulics are applicable 
to the screw propeller and turbine, for these 
two mechanical arrangements have very much 
in common. Indeed, the easiest way to examine 
the blade of a screw propeller, and the action 
of a jet upon it, will be to assume the blade 
receiving the effect of a jet upon it, just in the 
same way as guided jets of water impinge upon 
the buckets of a turbine. 

Action of Jet of Water on Blade. 

So that, before entering upon the direct sub- 
ject of screw propulsion, it will simplify matters 
to examine the behaviour of a jet of water under 
conditions which may apply somewhat closely 
to any single jet which may be found in the 
wake of a screw propeller. To study the whole 
mass of jets under their diversified conditions 
as to direction and velocity would render the 
subject so hopelessly complicated as to veto all 
chance of understanding it as a whole. We may 
look upon one jet as the portion of a current 
driven backwards, and moving at a given velo- 
city, or as giving a definite pressure. Either 
method is equally sound, and the conditions are 
easily interchangeable by the simple formula 

V = 8 

where V represents terminal velocity, and H the 
height from which the current comes to acquire 
this velocity. It will be convenient here to pre- 
mise that, in order to make the following argu 
ment easier to understand, figures may be em 
ployed which are not necessarily representative 
of a good form of screw propeller, nor wi|l it 
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be necessary to use fractions, as whole numbers 
will give quite as accurate results as are re* 
quired for any present purpose. 

It is simplest and most easy to examine the 
action of the blade of a screw propeller as if it 
were fixed, and the jet, moving much in the 
same manner as jets of water act against the 
buckets of a turbine, with which, as 1 have said, 
a screw propeller possesses many points in com- 
mon. 

If, as shown by Fig. 9, a jet of water TV 
impinges vertically upon a horizontal flat sur- 
face AB, it will, on striking, disperse in every 
direction as from V to A or V to B, and it will 
give a pressure which may be taken at any 
convenient scale, as, for example, g inch to lolb. 
pressure. 

If, however, the same jet TV, Fig. 10, be 
inclined to the surface AB to any angle, say, 30 
degrees, it will discharge itself as a film of water 
towards A, and parallel to the surface AB, and 
by making VT, equalling 8olb. by scale, and 
drawing TD parallel to AB, the vertical line 
DV is obtained, and this measures the direct 
downward pressure, namely, 401b., on the sur- 
face AB. Both these pressures are due to im- 
pact alone, and that of a stream passing away 
at 90 degrees or less from its original course. 

But if, as in Fig. ii, the stream TV fall 
into a cup AB so deep as to reverse its direction 
to one upwards, the full velocity of its original 
impact is used up in raising the jet to the level 
from which it originally came. In other words, 
its downward pressure is doubled, and amounts 
to i6oIb. instead of 8olb. 

Similarly, if, as in Fig. 12, TV be taken, as 
in Fig, 10, to represent the pressure (8olb.) of 
impact, then VS represents the equal force of 
reaction (also 8olb.), neglecting the losses which 
always accompany changes in the method of ap- 
plication of any power. After this it becomes 


only necessary to draw VS, Fi^ 12, $0 that 
the angle SVA equals the angle TVB, and tht 
length VS equals the length VT. Then draw 
SD parallel to TV, and TD parallel to SV, 
which gives the point D on the vertical line, and 
by thus completing the parallelogram of veloci- 
ties we find that the downward impact and up- 
w’ard reaction of this stream equals DV, or 8olb., 
upon the surface of AB. Thus, by comparing 
Figs. 9 and ii with Ncs. 10 and 12, it be- 
comes clear that, in all cases, the resultant is 
vertical in relation to the plate AB ; and that 
whenever full powder is obtained from a jet of 
water half comes from impact and half from 
reaction. This is well-known to designers of 
turbines of the combined system, but the con- 
verse seems hardly so much appreciated by de- 
signers of screw propellers. 

In this illustration it has been assumed 
throughout that the jet of water moves and the 
plate AB remains at rest ; but just the same per- 
formances can be secured by allowing the plate 
AB to move backwards, and to absorb half of the 
power, as in a turbine ; or, again, any number or 
variety of forces can combine to form them- 
selves up as a resultant DV (Fig. 12). Or, 
again, the whole arrangement may be inverted 
by moving the plate .AB from V to D, and in 
this modification the streams of water forming a 
resultant may be anything such as TV due to 
impact, and SV due to reaction. 

Similarly, in the case of a screw propeller, any 
portion of its blade may be selected and calcu- 
lations made on this basis. Such calculations 
are of a somewhat laborious character, yet they 
afford a very considerable amount of informa- 
tion, and throw new lights upon the whole sub- 
ject, theoretical and practical, of screw propul- 
sion. 

An Example, 

It will be remembered that the resultant line 
DV combines within itself all possible lines of 



force in the stream of water driven backwards by 
a screw propeller, and a further illustration 
13) represents the performance of one 
jet of water removed from its surroundings. 
The screw blade is marked AB, and its inclina- 
tion is 20 degrees to the plane of rotation VT. 
Its pitch TF is 8ft., and DV represents both in 
direction and magnitude the resultant of the jet 
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under notice. This jet comprises an imj^ct TV 
reflected from the surface Ap, as a reaction VS, 
the Hne of reaction VS being set so that the 
angle SVA equals TVF equals 20 degrees, and 
VS equals VT. Completing this parallelogram 
of velocities by drawing SD parallel to VT, and 
TD parallel to VS, we arrive at a general re- 
sultant DV, which, in direction and magnitude, 
may be either one item or a genefal mean of 
other portions of the current of water selected 
for investigation and driven back by the ^action 
of screw propeller. It includes also the corre- 
sponding time movement of the ship per revolu- 
tion of the screw. If ft be assumed that this 
screw is working without “ slip,” then WY, 
equalling 8ft., represents the movement of the 
ship forward, and \Va, equalling 6ft., the corre- 
sponding current of water driven back, while Ya 
is the sum of both. 

As may be seen by reference to Fig. 13, 
WM represents the amount of current driven 
back, and also its direction, while MYa is the 
angle at which it leaves the screw relative to the 
ship, which angle is nine degrees. The total 
current passing through the screw is made up 
by the ship advancing eight feet plus the reverse 
current Wa, equalling 6ft., or a total of 8 + 6 = 
14ft. per revolution of the screw. It has already 
bc^en mentioned that this arrangement works 
out badly. We shall show how this important 
action accounts for a good deal of the mystery 
surrounding the performance of this class of 
propeller. 

Loss by Following Blade, 

For simplicity and easier understanding of this 
most important subject it has been assumed for 
I'ig. 14 that it deals with a propeller posses- 
ing only one blade AB, which is set at 20 degrees 
to the plane of rotation, travelling from V to T 
during one revolution of the screw. Ihus, IF 
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will be the pitch, equalling 8ft., and FG the 
water current driven backward, as in a direct 
line with TF, and TG will therefore be the total 
current passing through the screw. 

By the time that the leading edge of this blade 
returns to its original starting^ place it will find 
that a currept, having an original velocity of 
15ft. per revolution of the screw, has had this 
speed somewhat reduced, say, to TL, owing to 


the temporary absence of any pr^elling power, 
but still there remains a velocity FL in excess of 
the pitch. Assuming the loss LG amounts to 



Fig ] 5 : 

3ft., this still leaves 12ft. (TL) to pass per unit of 
time, when the leading edge comes round again 
to its original starting point. This portion, 
which has to be destroyed by striking against 
the leading edge of the blade, is shown shaded 
in Fig. 14. The backward stream of water 
encounters no resistance, but runs away freely 
so long as the screw blade is not there to hinder 
it doing so, but when this current, running at 
12ft., has to crowd itself and pass the leading 
edge of the following blade, which only allows 
of TF, equalling 8ft., there arises a series of 
concussions in the water, or vortices, which 
means a loss of power and speed, which loss has 
been devoted to the destruction of work already 
done by the driving side of the screw propeller 
blade. 

But no screw propellers are used with a single 
blade, except by accident, and the illustration 
Fig. 15 is designed to show what really takes 
place when there are four blades to the screw. 
The diagram shows these four blades developed 
from a circular to a straight projection, and 
here it will be seen that the area of discharge 
from this screw propeller is divided into two 
nearly equal parts. The currents are designated 
by four arrows, which pass centrally through 
the four clear spaces, where there is nothing to 
hinder the backward stream of water passing 
away at its proper velocity. But where the little 
spirals are shown (in Fig, 15) at the back of the 
leading edges of each blade, there the backward 
stream gets broken up into a confused multitude 
of eddies and curls and spirals, showing con- 
clusively that a considerable loss of efficiency is 
represented there. With such an arrangement 
as shown by Fig. 15, and bearing in mind the 
description already given, it will require veiy 
little penetration to see that such a screw would 
acquire a positive advantage by the removal of 
two of its blades. 

This is a feature of screw propulsion which, 
with the popular theories on the subject, would 
be hard, if not practically impossible, to explain. 

Example of Coarse Pitch, 

Fig. 16 represents the conditions under whkli 
a substituted screw of coarse pitch would work 
on the same ship under similfir conditions. 
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the screw blade AB is set at 40 degrees to the 
filane of rotation VT, which gives a pitch TF, 
equalling 19ft,, the screw propeller being 7ft. 



diameter, and its circumference 22 feet. TF, 
however, is not the correct measure of the cur- 
rent passing through the screw each revolution, 
but, according to Fig. 16, this movement is K\ 
or dY, equalling 22f‘t. If, out of this, the ship 
travels lift, forward per revolution of the screw, 
the water current will travel backwards lift., 
and the angle at which the current runs back- 
wards, while really dWN, equalling 40 degrees, 
is only dYN, equalling 23 degrees, relative to 
the ship, and to any observers who may be test- 
ing results on board. 

As, however, there are no suicidal resistances 
within the screw itself, this apparent slip of 50 
per cent, shows a far better economical working 
than the screw illustrated by Fig. 13, with its 
short pitch of 8ft. and no “ slip at all. 

Whether, therefore, by purely theoretical con- 
struction of diagrams, such as F'igs. 13 and 16, 
by unassisted practical experience, by experi- 
mental research, or by the elaborate Admiralty 
experiments conduct<Kl by Mr. Froude, we 
always arrive at the same conclusion, namely, 
that the best practical inclination of a screw 
propeller blade should be at about 40 degrees to 
its plane of rotation, and this will give better 
results than any other pro'portion. 

Centrifugal Action. 

With high-speed screw propellers centrifugal 
force is one among the chief causes that modify 
the forms of screw propellers, at any rate so far 
as the pitch of their outermost radii is concerned. 
As the blade travels across the direction in 
which the vessel moves, a transverse element is 
imparted to the current driven backwards, but 
this is not to be measured as the circumference. 
If, for example, the screw be 3fl. 6in. diameter, 
Its circumference will be 11ft., and by using the 
diagram Fig. 16 will be seen that the trans- 


verse element per revolution is dN, or 4ft. 6m., 
about .4 of the real circumference, and the figure 
upon which the centrifugal force may be calcu- 
lated. The extreme effect of centrifugal force 
may even go so far as to create a hollowness or 
“ cavitation,” and this difficulty is usually met 
by sloping the screw blades backwards, as orU 
ginally proposed by Lord Dundonald in ^843, 
and now carried out by makers of quick-running 
screw propellers. The calculations in connec- 
tion with centrifugal force are of so complicated 
a nature that the best pro{X)rtions of this class of 
screw have to be ascertained by actual trial and 
experiment. 

Guide Biades, 

So much has been done to improve screw pro- 
pellers that there seems little room for further 
development in that direction. A new departure, 
therefore, has been found in the guide blade pro- 
peller, which receives from the rear column of 
water the power that has been expended in pro- 
ducing its rotation. With screws of short pitch, 
this rotation is very small and confused, as may 
be seen by dM in Fig. 13, but it increases con- 
siderably with increasing pitch as until dN is 
reached in Fig. 16. It has already been shown 
that screws of short pitch destroy all continuity 
of stream, and send back a confused mass of 
broken water, but this evil does not arise with 
screws of coarse pitch, such as illustrated by 
Fig. 16. Here the distance dN is considerable, 
and we find the interesting conjunction that the 
best form of propeller when working alone is 
also the best for giving back, through the guide 
blades, the power expended in producing a rota- 
tion of the rear column. Referring again to 
Fig. 16, it has been seen that the rear stream is 
set in rotation by the distance dN in every revolu- 
tion, and that the inclination of the current in 
relation to the ship is 23 degrees, and thus the 




THE MOTOR BOAT MANUAL. 


genera! appearance of such a current is shown 
by Fig. 17. There the stern lines of the ship 
exercise an influence as to the inclined direction 
in which currents enter the screw area, and this 
influence is retained, in combination with the 
rotation given to the column of water driven 
backward by the screw. 

Now if we fix into this rotating column 
another screw propeller, of reversed and very 
much prolonged pitch, one blade of which is 
shown by P Q in Figs. 16 and 18, the streams 
of water will strike against it at N (Figf 16) or 
X (Fig. 18), when the adjustments are properly 
carried out, and so give back to the vessel the 
power which has been lent for producing this 
rotation. Fig. 18 illustrates the whole arrange- 
ment more clearly. Here A B is one screw 
blade, and P Q one of the guide blades set at 
II degrees to the line of screw shaft. The bent 
arrow represents a single item of stream of 
water striking upon P Q at X, and reflected by 
the blade P Q into the direction X R, or due aft. 
Thus, the pressure on P Q gives a resultant, 
which increases the towing or driving power of 
the engines. That a considerable gain of pres- 
sure ensures from this arrangement is shown by 
the following table of dynamometer readings 


1 

Tow rope attached 

Towing two loaded 

1 Haulage. 

1 

i 

to ))OSt 

barges. 

Haulage I. 

Haulage II 

Screw alone 

480 th 



From 480 to 5401b 

Screw and blades 

660 

,, 750., 780 „ 


Except the addition of the guide blades, none of 
the conditions were changed. The tug being 
very heavily loaded, a peculiarly good example 
of the advantage of guide blades was furnished. 
The screw propeller of this tug boat was a very 
good one, its blades being set at about 41 
degrees to the plane of rotation, and the return 
of nearly 50 per cent, gain by the application of 
guide blades, represents probably the maximum 
that can be expected from them. The minimum 
end of the scale would occur with such a screw 
as represented by Fig. 13, with its short pitch. 
Under such conditions neither the screw alone 
nor in combination with guide blades would do a 
good performance, both being worked under the 
most disadvantageous conditions. 

This guide blade system, with a slight modifi- 
cation for higher speeds, has been used by 
Messrs. Thornycroft for their shallow-draught 
vessels. Five of these large steamers, 140ft. 


m 

long, 2 1 ft. wide, and ift. 9in. draught of water, 
were built by them for the Nile Expedition. 
Each was propelled by two guide blade screw 
propellers, 32 in. diameter, and in the measured 
mile test they give 15! knots per hour. 

The original investigations on guide blade 
screw propellers were made on a boat 4ft. 3in. 
long, provided with a clock spring which was 
always wound up to the same stop, all experi- 
ments being conducted by the same power. The 
screw and guide blades were made out of a 
model turbine, and are shown in Fig. 19. 



5m. 


oin. 


The following tests were made by this model 
on September 30th, 1863, the run in each case 
being 2min. : — 

With the screw alone looft. 

With guide blades and surround- 
ing tube 112ft. 

With screw and guide blades, 
and no tube 122ft. oin. 

With screw and tube, and no 
guide blades 40ft. oin. 

Thus it would seem that further improve- 
ments in the performance of screw propellers arc 
less to be rx{>ected from any changes in the 
screw itself than, in the direction of guide blades, 
constructed on lines of scientific accuracy, and 
based on a sound and true theory of screw pro- 
pulsion. 
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THE DESIGN OF SCREW PROPELLERS^ 


The propulsion of vessels by power developed 
within the vessel always takes place from the 
projection of a mass of water in the opposite 
direction to that in which the vessel moves, and 
is, in accordance with Newton’s third law of 
motion, that “ action and reaction are equal and 
opposite in direction.” 

This statement does not apply to the case of 
ferry bridges or to models propelled by rockets, 
though the principle above mention^ is still 
applicable. 

Action and Reaction. 

The action or thrust of the screw is ulti- 
mately obtained by delivering* water astern at a 
higher axial velocity than that at which it is 
received. If A equals the area in square feet of 
the column of water thrown astern, and V equals 
the velocity in feet per second of its approach to 
the screw, and S equals the increase of its velo- 
city in delivery from the screw in feet per second, 
then the quantity of water operated on in cubic 
feet per second equals A x V, and its mass equals 


^AV, where w equals weight in pounds per 

cubic foot of water and g equals the accelera- 
tion due to gravity in feet per second. The 
action and reaction on thrust are measured by 
the momentum imparted to the sternward mov- 
ing column, which is represented by the product 
of the mass into the increase of velocity, and 

therefore equals - x S lb., or equals 
— X S lb., where W equals weight of the 


volume AV. 

The power available at the propeller is divided 
into two parts, viz., that which produces the 
motion of the vessel and that which is lost by 


increasing the velocity of the water through the 
propeller in the opposite direction, or by adding 
to it that velocity which is commonly spoken of 
as the slip. The slip of the propeller is the dif- 
ference between the advance of the screw when 
supposed to be working in a solid medium and 
the advance of the vessel, in units of feet and 


seconds. 

It follows, therefore, that of this fixed quan- 
tity of energy given to the screw by the ma- 
chinery, the reaction or thrust already given as 

^ X S can be maintained constant in value, 

g 

either by increasing W, the weight of water 
acted upon, and decreasing the slip (S), or by de- 
creasing W, and increasing S inversely. Since 
energy is measured by the product of a force into 


a distance, we have the two parts just referred to 
WS 

represented by x V, as that absorbed by 

^ WS 

the movement of the vessel, and X S as 

that lost in the water thrown astern ; the sum of 
these two quantities equals the constant amount 

WS 

given out at the propeller, viz., x (V + S). 

Again, as we have made the reaction constant, 
consequently the factor (V + S) is also constant, 
which implies that, by diminishing the slip (S), 


the velocity of the ship would be increased. Turn- 


ing to the factor representing the propelling 
force, it appears that the smaller S becomes the 


greater W will become, or the larger the body of 


water thrown astern at the lower velocity the 
more effective the propulsion and the greater 
the speed of the vessel. 


infiuence of Form of the VesseL 

These remarks apply to a propeller, which 
must be assumed to be so far behind the vessel 
that the feed water is uninfluenced by the wake 
(i.e., by the movement of the water in the direc- 
tion of the vessel’s motion, caused by the filling 
up of the cavity left by the stern), as also by the 
w^ater set in motion by the skin friction or rub- 
bing of the sides of the vessel, and again by the 
position of the stern relatively to the wave slope, 
as the orbital motions of the water particles are 
in opposite directions at the crest and hollow of 
the wave. When the propeller is brought to its 
usual position at the stern, it generally works 
in water which has a velocity, relatively to still 
water, in the direction- of the vessel’s movement, 
and consequently the velocity of feed to the pro- 
peller is diminished, and, with it, the delivery 
astern is less, relatively to still water, so that the 
slip as measured by the difference between pro- 
peller and ship advance, as described before, be- 
comes less, and is known as the apparent slip, 
as distinct from the true slip. 

This forward movement of the wake may be- 
come so great in vessels with a full stern, asso- 
ciated with screws of very fine pitch, as to cause 
what is called negative slip, a condition of 
things which makes it appear that the vessel is 
out-travelling the screw. In such cases the per- 
formance is a bad one, and could generally be 
remedied by an alteration to the stern and also 
the screw. 

Reverting to the theoretical conclusion previ- 
ously arrived at, that a large body of water 
thrown astern at the lowest velocity or slip would 
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give lh« most efficient result, this would point 
to the propeller of largest diameter being used, 
but it should be remembered that this is gener- 
ally limited by the draught, and, therefore, the 
pitch would have to be increased with diminished 
efficiency. 

Loss by Friction. 

Another element not accounted for in the in- 
vestigation is the loss by friction of the pro- 
peller, which is dependent on the amount of 
surface, and particularly by the circumferential 
velocity of the blades ; the loss of power ‘by the 
latter element is something probably approach- 
ing the cube of the speed, similar to that due to 
skin friction of ships, which varies as the 2.83 
power of the speed, or as 

Investigations, therefore, upon the efficiency 
as outlined at the commencement have to be 
materially modified, and the rational results can 
only be arrived at by resort to experiments such 
as those carried out by Mr. R. E. Froude for the 
Admiralty, and by Sir John I. Thornycroft, Mr. 
S. W. Barnaby, Mr. Yarrow, and others. In 
most of these cases the experiments were car- 
ried out in water undisturbed by the elements of 
frictional wake and form of stern, the propellers 
being of standard form and of uniform pitch in 
the Admiralty experiments, and of a standard 
form peculiar to the other experimenters with 
increasing pitch. The results arrived at esta- 
blished a range of pitch varying from .8 to 2.5 
times the diameter, with efficiencies varying be- 
tween .63 and .69, which gives considerable 
latitude in the choice of a propeller. 

In designing a propeller, however, it is very 
important to know the value of the wake factor, 
as this determines the velocity of feed, which has 
been already e.xplained to be dilTerent to the 
velocity of the ship, and much data from actual 
ships in which the* performance of the propeller 
is associated with the form of the stern is needed, 
and for this reason the method of fixing the slip 
(using the word in the conimon sense) of a re- 
quired propeller according to the class of ship on 
which {t is to be used is still the common prac- 
tice. 

Influence of VesseVs Speed. 

It is frequently imagined that motors giving 
the same B.H.P. at the same revolutions per 
minute require always the same propeller and 
that they will be correct for any type of boat 
they ^re placed in ; but this is not the case, as 
the same power applied to boats of different 
dimensions and form wall give different speeds, 
and to use the same proj>eller under these condi- 
tions would give very different values of slip, 
for each of wffiich there is a different efficiency. 
The diameter may be also materially affected, 
the slower moving vessel requiring a larger pro- 
peller than the faster one of the same power and 
revolutions. 

For example, with screws of the same pitch 
ratio 0.e., = constant) and working at 

the same slip, the horse-power is proportional to 


V’ 


the disc area of the propeller multiplied by the 
cube of the speed of the ship. Expressed in sym- 
bolts H.P. varies as A.V 3 , where H.P. equals 
horse-power, A equals disc area, and V equals 
sp^d. Now, taking two vessels of different 
weights and form and for which the same power 
should drive one of them twice as fast as the 
other, then in the faster boat the value of V* 1$ 
eight times that of the slower boat, and, conse^ 
quently, the value of A must be Jth that of the 
slower boat, so that the diameter, which varies 
as the square root of the area, will, therefore, be 

Vi == or nearly one-third that of the pro* 

peller for the slower boat. For the above 
reasons, with boats of different sizes and shapes, 
different propellers are required with the same 
motor. 

The thrust per unit area increases as" the 
square of the speed, since AV^ or AV2 x V is pro- 
portional to H.P., of which expression AV^ is 
proportional to the thrust, so that, as V* is in- 
creased, A is decreased inversely, and this may 
demand an increase of blade area above that 
of the experimental standard form to prevent the 
occurrence of the phenomenon known as cavita- 
tion. 




Form of Blades. 

The blades should be w^orked off very fine at 
the edges as indicated at A (Fig. i), as if very 
thick on the forward 
face as at B there is a 
certain amount of stern- 
w'ard thrust delivered to 
the blade. Experiments 
conducted by D. W. 
Taylor, of the United 
States Navy, have 
shown that the effici- 
ency may be increased 
from about 69 to 78 per 
cent, by making the 
edges of the blade 
sharp and the section thin ; at the same time, 
sufficient regard must be paid to the strength of 
the blade. 

In early high-speed boats the blades were 
nearly of constant width, thrown back towards 
the tips as shown- in Fig. 2, but now that far 
higher powers are used and higher speeds are 
obtained, which have a tendency to reduce the 

diameter, a much 
larger fraction of 
the disc area be- 
comes necessary 


♦ 

Fig. 1. 



for the blades. In 
the case of the 
standard propeU 
lers used in the 
Froude e X p e r i- 
ments the shape 
of the blades was elliptical (Fig. 3), with onq^^d 
of the major axis at the tip of the propeller and 
the inner end being occupied by the boss, which 
is not available for propulsion. When moro 


Pig. 2. 


Pig. 3. 
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arcfii it required, this shape may be copsiderably 
departed from, and in vessels of the mercantile 
mai:‘ine the width at the tips is generally greater 
thtn at any other part of the blade. 

As regards the fanciful shapes of blade fre- 
quently put forward as possessing superior ad- 
vantages over the usual and ordinary kinds, the 
fact remains that the large commercial interests 
and the Admiralty adhere to the simple forms of 
which they have had abundance of experience. 
The Propeller SbMft 

The inclination of the propeller shaft relatively 
to the water plane should be as small as possible, 
as the effective thrust in the direction of motion 
is thereby increased, and in cases where the in- 
clination is considerable vibration is set up, ow- 
ing to the relative change of pitch to the hori- 
zontal motion of the vessel at every point of the 
revolution. For, though the pitch of the pro- 
peller in itself is unaltered, the angle of the 
blade, referred to the direction of advance of the 
vessel, is different at every part of t,he revolution. 

The outboard length of shafting in cases where 
the deadwood is cut awav to save weight, to 
reduce surface friction, and to increase the steer- 
ing capabilities, as m many racing boats, is a 
matter which requires careful attention, par- 
ticularly where the revolutions are very high, as 
the tendency of the shaft to whip (or bow^ be- 
tween its end supf>orts after the manner of a 
skipping rope may cause fracture. This tendency 
is aggravated by the thrust from the propeller, 
which is in the line of supports (i.e , propeller 
brackets and stern tube), not being along the 
axis of the shaft itself; the shaft then becomes 
subject to a thrust and to twisting and bending 
moments, the latter being likely to cause fail- 
ure. Shafts should, therefore, not be too light, 
but sufficiently stiff in relation to their h ngth to 
prevent whirling. In extreme cases where the 
shaft would become too heavy, an intermediate 
support is necessary. 

Shaft Supports. 

The brackets carrying the propeller shaft when 
there is no deadwood require careful designing, 
as in the case of a propeller blade being carried 
away by striking some object in the water the 
unbalanced centrifugal force may become very 
considerable. This force varies with the dis- 
turbing weight, with the distance of its centre 
of gravity from the axis of rotation, and with 
the square of the number of revolutions per sec- 
ond. An example will suffice to illustrate how 
much this force may become in a small propeller 
at a high number of revolutions. 

Suppose the diameter to be ‘zoin. and the 
weight of the blade carried away to be 4lb. and 
its centre of gravity to have been 6in., or .5ft. 
from the centre of the shaft, and the number of 
revolutions 1,000 per minute, or 16.6 per second, 
then, by the law of centrifugal force, the un- 
b^j^nced force through the centre optwards and 
opposite to the position of the lost blade 
. 4Jb- (2ir X l 6 - 6)3 X -stt, ^ 
er(* 


This force, acting on alternate sides of thfi 
bracket 1,000 times per minute, would be suffi- 
cient in most cases to break or tear away a 
single armed bracket, and points to the advan- 
tage as regards safety in the use of two armed 
brackets of the V type (Fig. 4). 

In extension of the forego- 
ing, the importance will^ be 
seen of perfectly balancing 
the propeller, for if the excess 
ot weight of one blade over 
each of the others be one- 
eighth of a pound, then, un- 
der similar conditions to the 
above, the unbalanced force 
would be 21.41b.; this force 
would be felt laterally and 
vertically 1,000 times per 
minute, causing consider- 
able vibration and discomfort, rapid wear of the 
shaft bearing, and opening of the joints in the 
planking of wood boats. 

The pitch of each blade sliould be identical, as 
any difference tends to set up vibration due to 
another cause ; and the surfaces should be pol- 
ished and as smooth as possible. 

Propeller Boss. 

The general practice for neatness appears to 
be to reduce the diameter of the boss to a mini- 
mum; this has the advantage in small boats of 
reducing the weight of the propeller, and is ap- 
parently the only one, as it has been advocated 
long ago by Griffiths, and since his time, that 
a large boss is desirable and for reasons which 
are sound. The pilch of the screw, which may 
be assumed to be constant from the boss to the 
tip of the blade — which means that a convolution 
at any particular radius extends the same length 
along the axis — has a different pitch angle at 
each radius. 

To explain this, reference is made to Fig. 5. 
Let a b represent the pitch or the distance along 
the axis traversed by any radius on the screw in 



Fig. 5. 


one complete turn, then for equal angles swept 
out by the rising radius arm, equal heights will 
be traversed along the axis, i.e., along a b, so 
that the development of the line traced by each 
radius, which upon the cylinder would be spiralv 
becomes a triangle, the base of which (b c, b d, 
or b e) would represent the circumference of the 
cylinder at each particular radius, with the 
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<!onstant height at b, which represents the pitch. 
The angle, therefore, which the blade makes with 
the axis (a b) is (b a c), (b a d), and (b a e), so that 
the nearer the section to the centre of the pro- 
peller the smaller this angle, as b a c, becomes, 
and if the blade could be extended to the axis, the 
angle becomes zero and the blade directly fore 
and aft, which means that the water at this 
point, instead of being thrown astern and con- 
tributing to the propulsion, would simply be 
thrown out transversely and a churning effect 
produced, with great waste of power. 

In the case of reversing propellers the large 
boss remains as one of their advantages, to- 
gether with the equally important one from a 
mechanical point of view, viz., the opportunity 
it affords of amply securing the blades, which 
are so peculiarly liable to damage. 

As reversing propellers have been referred to, 
it may be remarked that for small powers they 
offer a very convenient means for effecting their 
purpose, as implied by their name, but for large 
powers they are not so suitable, as if the revers- 
ing mechanism be damaged they cannot be 
dealt with while afloat, whereas an ordinary pro- 
peller, which is not so likely to be deranged and 
is governed by a reversing gear in the boat, can 
be attended to at any time. 

Form of the Boss. 

The next point claiming attention in respect 
to the boss is the abruptness of entry or delivery 
of water to or from the propeller. 

It has been demonstrated that in the case of 
well-formed, regular bodies, completely sub- 
merged, as torpedoes, for instance, the principal 
and only practical resistance is the frictional one 
(this, however, would be negligible on a pro- 
peller boss). The stream lines caused to diverge 
at the head retuirn the pressure again to the 



Fig. 7. 


body as they converge at its tail, and this without 
much reference to the relative form of the fore 
and after bodies, provided the after end be not 
tpo short. The stream lines would be somewhat 
as indicated in Fig. 6, the arrows showing 
the pressure tendencies. If the fore end of the 
boss be'abrupt, as indicated in Fig. 7, the water 
is suddenly diverted and an eddy formed, and 
the same applies to the closing in of the water 


at the after end; in each case a loss is experi- 
enced which is equivalent to an augmented ^es- 
sure at the forward end and a loss of pressure 
at the after end. Tlie effect is somewhat analo- 
gous to, though not so accentuated as in the 
case of, towing a brick through the water, and 
the higher the speed of the vessel the more seri- 
ous the result. 

The importance of making both the entrance 
and the after body of the boss easy is borne out 
by the adoption of long cone bosses in torpedo- 
boat destroyers^ and particularly those of the 
steam turbine type, at very high revolutions and 
great power, as also in the most successful motor 
racing boats in this country and abroad. At 
very high revolutions the centrifugal force re- 
duces the pressure on the boss and increases the 
necessity for this long cone termination to re- 
cover the loss in aid of the thrust. 

Stern and Rudder Posts. 

Associated with the foregoing, relating to 
abruptness and continuity of surface, and for 
which the performance of the propeller is fre- 
quently blamed, is the broad square stern-post in 
front, and the similar rudder-post aft of the 
propeller and in close proximity thereto. Unless 



these bodies are comfortably cased off as shown 
in sectional plan (Fig. 8), the propeller encoun- 
ters a serious eddy in the first case, and in the 
other the delivery is seriously obstructed. 

These remarks apply to cases where the dead- 
wood is not cut away, and particularly to auxi- 
liary yachts in which the propeller, driven 
by a motor of small power, has the greatest 
portion of its effective area reduced by these 
parts where a two-bladed propeller is employed. 
When in the fore and aft mid-plane two-bladed 
propellers are completely masked, and whatever 
water is thrown astern is delivered directly on to 
the rudder-post, annulling a great proportion of 
the propelling effect and setting up vibration. 

In the case of auxiliary yachts, a larger dia- 
meter of propeller should be used, with finer 
pitch, in order to get more effective area into 
unbroken water. 

Similar remarks apply to cases where the dead- 
wood is cut away and the propeller works in 
unbroken water, but where the shaft emerges 
fmm the boat through a solid block which car- 
ries the stern tube, abruptly ending in a section 
of something like 6in. by 5in.,u.wkich adds addi- 
tional drag to the boat, in such cases it is an 
advantage to add a cone (Fig. 9), allowing the 
water to fall easily to the shaft. 
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Similarly, in case's where the keel is intended 
to protect the propeller when the boat takes 
the ground, as in Fig. lo, the sections along lines 



rig. 9. 


parallel to AB should be worked off gently, as 
shown in the shaded part of the section, and not 
allowed to end squarely. These remarks apply 




Fig. 10. 


to the boat only, inasmuch as they tax the 
performance, and, therefore, the propeller, in- 
directly. 

Depth of Immersion, 

The propeller should be sufficiently immersed 
so as not to break the surface and take air down 
with it, or its efficiency may l>e greatly impaired. 
A number of inventors have sought to reduce 
the skin friction of vessels by separating the 
underwater portion of the hull from the water by 
means of a film or cushion of air, but the advan- 
tage thus gained is immediately lost by the pro- 
peller having to work in water that is mixed with 
large quantities of air. 

Effect of the Rudder, 

The ixjsition of the rudder in relation to the 
propeller when forward of the same causes con- 
siderable disturbance to the feed water and of 
the performance of the propeller when moving 
ahead, whereas when placed astern the disturb- 
ance is less and the steering effect greater, and 
a smaller amount of helm is required on account 
of the higher speed of delivery on to the rudder, 
while the speed ahead is not so much checked. 

I moving astern when the rudder is behind 
the propeller, «is In most boats, the movement 
of the boat is njuch affected, for when the helm 
is hard over the flow of water is such that one- 


half of the pro{»ller is wofking in an eddy, as 
in Fig. II, and in all cases the boat steers better 
astern on one side than the other, viz., with 
right-handed screws when the helm is to star-- 
board, and vice versa with the left-handed 
screws. If the screw be enclosed by dupikaje 
rudders, as in Fig. 12, then the astern movement 
is very much improved, as it is enabled to draw 
freely on a comparatively undisturbed flow of 
water, and steers equally well on either hejn^. 

Among other causes which contribute to a 
boat having to carry helm on a straight course 



when moving ahead may be mentioned that the 
lower blades work in water under greater pres- 
sure than the upper ones, so that the pressure 
on the rudder in the fore and aft plane is greater 
on the one side than the other. The next cause 
is due to the resistance of 
the water to the rotation 
of the propeller, produc- 
ing a reaction which can 
only be balanced by a cor- 
res|x>nding heel of th(‘ 
boat, and particularly so 
in the case of high powers 
associated with small 
beam, and the ( ffect of 
this heel on the (oursc of 
the boat has to be cor- 
rected by carrying a cor- 
responding amount of pig. 12. 

helm. In the case of twin 
screw's rotating in opposite directions the above 
elements are cancelled. 

Vibration, 

A few additional remarks may be added on 
vibration as affected by the number of blacks of 
the propeller. 

With two-bladed propellers the blades come 
into the same plane as the stern-|X)st twice per 
revolution, administering a shock each time; 
with the four-bladed propellers this happens four 
times per revolution, and in each of these cases 
two blades are casting water on to the stern post, 
VVirh three-bladed propellers the shock happens 
six times, but each time only with one blade, 
so that the vibration, although intermediate in 
periodicity, is only one-half in effect as regards 
the shock. In cases where the stern-post is ab- 
sent there can be no difference between propel- 
lers with different numbers of blades so far as 
vibration is concerned, though probably threiS^i 
bladed prop(‘llers are the most generally satis- 
factory. 
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l^bch a propeller is required for fitting to an 
existlas: boati very full particulars of all the 
conations should be given. From a perusal of 
the foregoing article on its design, it will be 
realised upon how many influences the success 
of a propeller depends, and it is only in a full 
knowledge of all the conditions that a designer 
can hope to obtain first-class results. 

ITie particulars which are absolutely neces- 
sary are as follow The length and beam of the 
vessel at the water-line; the draught of water 
(without the keel) amidships, and the maximum 
draught if greater at any other point ; the horse- 
power of the engine and its speed of revolution 
per minute ; whether the propeller is to be right 
or left-handed ; the distance between the shaft 
and the bottom of the vessel, or between shaft 
and the protecting bracket below it (whichever 
is the less); and the diameter of the shaft. In 
addition to these, and if possible, give the dis- 


placement of the vessel, and drawings showing 
the form of the after part at least. 

Right and left-handed propellers refer to the 
direction of rotation when driving ahead* Look- 
ing at the stern of a vessel from aft (i.e., facing 
forward), a right-handed propeller is one which 
turns in the direction of the hands of a clock 
(“ clockwise ”), and a left-handed screw re- 
volves in the contrary direction (“ counter-clocl^ 
wise *’). It is very important to state which is 
required, for, in the absence of information, the 
propeller manufacturer, or supplier, is likely to 
assume that the direction of rotation is as usual 
—which it may not be. We have several times 
had cases before us where a left-handed propel- 
ler has been supplied when a right-handed one 
was required. 

The balance of a propeller is a very important 
feature, but one that it frequently neglected by 
all but the highest class shipbuilders. If a new 
propeller has been purchased it should always be 
tested for balance. 



L’Avenir.” a motor anzillirv lobster carrier. 
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VIBRATION ON MOTOR BOATS. 


Of all the troubles connected with a seafaring 
existence, especially in a high-speed boat, none 
can be greater or more persistently troublesome 
than vibration. Its effects have long been 
known, but its causes have only been the sub- 
ject of comparatively modern investigation. 
They may, however, be conveniently catalogued 
in two classes, namely : — Class A — Vibrations 
occurring in the region of the screw propeller. 
Class B — Vibrations more or less directly con- 
nected with the engine. Idle gene^ral effect of 
vibration is to convert the whole vessel into a 
rude form of musical instrument, wliere, how- 
ever, discords generally prevail ! The funda- 
mental note, however, ot this instrument is pro- 
duced by such slow or infrequent vibrations as 
to be far below the powers* of our auditory 
nerves to appreciate. 

Vibration at Propeller* 

To deal first of all with Class A, so far as the 
screw propeller itself is concerned, most 
makers understand, if they do not ahvays prac- 
tise their knowledge, that the screw must be 
accurately balanced so as to obliterate any ir- 
regularities that might arise from an unbal- 
anced mass revolving at high speed. When this 
condition lias been properly cared for, any vibra- 
tion occurring towards the stern of the boat can 
be credited to one or two general causes. The 
simplest of these arises from the oblique or 
transverse direction in which currents driven 
backwards strike against the rudder or rudder- 
post. These currents, dashing volumes of water 
against the rudder, or its post, create a shock 
whenever a blade is passing the rudder, and this 
cause is at its worst with two or four-\jladed 
propellers, as the shocks occur whenever two of 
us blades stand vertically. This evil becomes 
cor4siderably lessened with threc-bladed screws, 
or by enlarging the space behind the screw, 
and reduced, most of all, by the more modern 
t>*pes of boats, which are not provided with 
rudder-posts at all. Of course, twin screw’s 
have a free discharge for the stream of water 
driven backwards ; and they are, therefore, free 
from liability to drive any currents transverse- 
ly against the rudder or rudder-post. 

Vibration of Engine. 

The second cause of vibration (Class B) is of 
a more recondite nature, relating as it does to 
rapid movements that may be originally set up 
by the engine (which, for present discussion, 
may be assumed as being fixed in the boat, at 


about ‘the middle of its length). Such vibra- 
tions may become more violent in some places 
than in others, or at certain speeds as compared 
with others, besides having nodes, where there 
is an absolute state of rest. Thus, problems 
connected with vibration, its cause, or causes, 
and cure, present a very tolerable crop of diffi- 
culties, only to be overcome by taking each in 
turn, beginning at the very beginning, and re- 
garding the boat as if it w ere a single solid rod 
of steel; that is, solid in relation to its longi- 
tudinal strength, and provided with numerous 
attachments, or ribs, which serve to create nu- 
merous discordant sounds, each, as it were, pro- 
viding its own share of the concert. 

Boat Regarded as a Rod. 

If, then, we choose to regard the boat as a rod 
of steel, and, for the moment, pay no attention 
to any other details, and if we remember that 
vibration always imulies a musical note, we can 
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illustrate its action by comparing it with the 
performance of a steel rod, suspended in two 
places, such as it might choose for itself if 
floating in mid-air. The illustration (Fig. i) 
shows the simple case of a steel rod (A B) sus- 
pended from the points C and D, and so ar- 
ranged that A C = D B = one-eighth the length 
of the rod A B. This rod, so supported, will 
give a musical note with good harmonics when 
struck between C and D, and the condition W'hen 
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in vibration, and giving- its fundamental note, 
is shown by lines on Fig. 2. Of course, the 
•diagram is greatly exaggerated so far as the 
•curves are concerned, but it is only intended 
to illustrate the principles and not the propor- 
tions of a vibrating rod, having heavy vibrations 
at the middle, and extremities, with nodes, or 
positions of no vibration, at C and D, which 
corresponds with the action of this same class of 
fundamental note of the combination on board 
•ship — or boat. In addition to the funcjamental 
note of the steel rod (Fig. i) when struck, there 
are numerous harmonics, or overtones, which 
arc illustrated in Fig, 3. Here, the length of 
the portion set in vibration is reduced by one- 
halt, the number of vibrations is doubled, and 
the overtone given is an octave higher. This 
intermediate node, at the point designated by 
shows whore tliis node occurs with corres- 
ponding absence of vibration. All these har- 
monics are independent of and can be hcaid 
along with the fundamental note, and in music 
they constitute a great part of its beauty. In 
a boat, however, they produce an effect like the 
discordant voice of a bad singer, where his 
overtones harmonise neither with his fundamen- 
tal note nor with each other. Pushing the 
analogy further, and ret;arding each part of the 
boat as producing many vibrations, each pos- 
sessing its own musical (or unmusical) note, is 
It a matter for wonder that these vibrations, 
not being mulLii)les of each other, and differing 
as to their fundamental note and harmonics, 
should produce a discordant assemblage of 
sounds, that can only be described as noise ! 
It might be worth while to ascertain whether a 
good musical sounding beat could not be pro- 
duced. A piano, a bell, or any other musical 
instrument, requires tuning, so why not a boat? 
If such a boat, so tuned, could show a harmon- 
ious cliord, it might be 'much plcasarKcr to sail 
in than one producing a discordant note, because 
the effect on the nerves would be less irritating. 
Indeed, the accidental arrangement of parts, so 
as to harmonise in this manner, may be the 
riason why boats, and large ships also, are in 
some cases pleasanter to sail in than vessels 

here no such conditions prevail. 

Corresponding effects of vibration can very 
well be seen by suspending a polished steel plate, 
horizontally, like Fig. i. By scattering sand 
ovei*its surface, and producing a note by fric- 
tion, the grains of sand run to the nodes, or 
away from them, and the positions of these 
nodes vary according to the place where the 
friction is produced, and the direction of vibra- 
tion given. This experiment illustrates, in a 
very beautiful and simple manner, the conditions 
of vibration which occur on a very much larger 
scale. 

If now a new and powerful -enuse of vibration 
be introduced, such as an unbalanced engine in 
rapid movement, the confusion increases. 
Sometimes the fundamental notes are disturbed, 
•and in the reigning confusion imagination is 


completely baffled in any attempt to unravel tlie 
combination. At other times this new cause 
for producing vibration increases the amplitude 
of some excursions belonpfing to certain of the 
vibrators while diminishing others, thus pro^ 
ducing another variety of inharmonious sounds. 

Production of Vibration by the Screw 
Propeiier. 

If now we assume that the screw propeller 
has been properly balanced, the effect of cur- 
rents driven obliquely backwards may be dim- ' 
inished, if not entirely removed, by providing a 
large space behind the screw. This is frequent- 
ly done, even in large vessels, to facilitate the 
replacement of a screw propeller without mov- 
ing the engine shaft. In modern boats, how- 
ever, such as have no rudder-post, there is 
usually ample room for the cross currents to 
get away freely. 

When a screw propeller has only a few inches 
of water above it, there remains only the at- 
mospheric pressure of 151b. per square inch 
available to force a supply of water into Ihe 
semi-vacant space in front of the screw. Where 
an excessive speed of rotation forms part of the 
design it happens, not infrequently, that a de- 
liciency occurs in the matter of supply, and with 
it a corresponding loss of efficiency. This evil 
has been called “ cavitation,” and it is a thing 
to beware of in arranging the proportions of 
screw propellers. After all, the screw is only a 
rather bad pump, and one that requires a very 
considerable amount of water to keep it sup- 
jffied, so that when cavitation prevails it be- 
comes a very present and rather unsuspected 
(ause of vibration. 

Production of Vibration by the Engine. 

There are three general causes which tend 
to the production of vibration by the engine, 
namely : — 

(1) Centrifugal force of revolving bodies in 
connection with the engine shaft, such as 
cranks. 

(2) Impact of explosions in connection with 
internal combustion engines. 

(3) Reciprocation of pistons, connecting rods, 
valves, etc. 

Centrifugal Force. 

One of the essential laws impressed upon^ 
matter in motion is that no change can take 
place in the direction or velocity with which 
any body travels without the application of force* 
consequently, when a body travels in a circular 
path it continually deviates from the straight 
line in which it would move; falling, as it were, 
towards the centre. The natural direction would 
be tangential at any moment, and a restraining, 
or centripetal force is required to keep the body 
moving round a fixed centre. Its tendency to^ 
ffy out is equal to the restraining centripetal 
force, and is called by the name of centriiugal 
force, which Is really a resistance to be over- 
come by force applied from the outside. 

• 
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Tl»e foiiowing information is necessary in or- 
iler to ascertain the centrifugal force exercised 
by any body revolving around a centre : — 

RULE. ILLUSTRAIION. 

W = Weight of the body 

(in pounds) ... ilb. in illustration. 

N =! Number of revolu- 
tions per minute i,ooo revolutions. 

r « Radius in feet ... .5ft. 

F *= Centrifugal force (in 

pounds) lyolb. 

The following formulae give centrifugal 
force : — 

"F~WxN2xrX .00034. 

In the illustration given, 

F = I X i,ooo 2 X .5 X .00034 = i7olb. 

This example illustrates how heavy may be 
the strain produced by even a small unbalanced 
item which gives here a pull of lyolb. reversed 
2,000 times per minute. With the number of 
revolutions per minute doubled the centrifu- 
gal force increases four times, which shows 
that a weight of only ilb. can provide a pull of 
68olb. reversed 8,000 times per minute. If the 


of the number of revolutions in any given 
it is most important to reduce these strains to 
impotence, and so to save power and to increase 
the comfort and convenience of the crew, and 
of the boat, the very life itself. The ultimate 
foundation upon which every floating body rests 
is the water, and its inertia is the last thing re- 
lied upon to give steadiness to the boat floating 
on its surface. Even if the unbalanced strains 
be spread out on a large superficial area they 
still amount to a heavy total, such as is often 
shown by the loosening of rivets and general 
demoralisation of the boat. Vibration is an 
evil all round, and the measure of the harm it 
does gauges the importance of providinp^ means 
to remove, or at least to diminish, the intensity 
of its operations. 

Remedy for Effect of Centrifugal Force* 

As a body revolving around, and at a definite 
radius from the shaft upon which it is carried, 
serves as an example of the simplest form in 
which an unbalanced force can produce vibra- 
tions, so is the remedy for such an operation 
simple also. It consists in nothing more than 
applying another similar weight exactly oppo- 
site, and in the same plane, as shown by Fig. 5. 




motor in a boat were driven in such an unbal- 
anced condition as this, the result would be 
disagreeable in the extreme; but such a thing 
can seldom happen, for one reason that several 
cylinders provide a sort of rough balance one 
against the other, and this prevents the pres- 
sures due to centrifugal force of any one cylin- 
der rising too high. Fig. 4 illustrates the 
peculiar nature of the pull that is exercised by 
centrifugal force, acting as it does from every 
point of the compass, thus straining the foun- 
dation on which the main shaft rests, and show- 
ing also* that the rotating pull due to centrifugal 
force may increase or diminish the strain due to 
the normal force upon the bearing. 

As every piece of metal and every plank of 
wood that may be used in the construction of a 
boat has its own fundamental note, or amplitude 
of vibration, the coming in of an unbalanced 
centrifugal force introduces a power which can 
occasionally shake a large vessel from stem to 
stern, and as doubling the rate of its engine’s 
revolutions quadruples these strains in magni- 
tude (for centrifugal force varies as the square 



This arrangement is frequently seen in the 
cranks of engines, when a mass of metal (Y) 
produces an equal centrifugal force exactly opl 
pcsite to W, and also in the same plane. Thus 
the two centrifugal forces balance each other, 
and quiet running is secured. If the balance 
weight (Y) be fixed at a different radius to that 
of the main weight (W), then the counterpoise 
must be reduced in the inverse proportion to 
the relative distances of each weight apart, as 
may well be seen in the balance weight fixed to 
the wheel of an outside-cylinder locomotive. 
These arrangements not only provide a static 
balance where the whole system stands in equili- 
brium at ahy position when stationary, but they 
serve also as a dynamic balance when the whole 
system is in motion and the centrifugal forces 
of the weight and its counterbalance are equal 
and opposite to each other. It is such a simple 
matter to make this class of balance that few 
large engines are unprovided with an arrange- 
ment of some sort, whilst, for high-speed en- 
gines, balancing the rotating part is an absolute 
necessity. 
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Fjg. 8. Fig. 9. 


Figs. 6 and 7 represent a faulty arrangement 
of this counterbalance. Fig. 7 shows the bal- 
ance weights working in different planes, and, 
although it quite correctly shows a static bal- 
ance, it fails as a dynamic balance. Any pull 
developed by the weight (W) draws the shaft in 
its direction, while the corresponding and oppo- 
site centrifugal force due to the counterbalance 
(Z) draws the shaft in an opposite direction, 
and the result of this combination is what in 
mechanics is known as a “ couple,” which may 
be the cause of a serious rocking, ending in vi- 
bration. A common example of this class of 
faulty design Is shown by Figs. 8 and 9, where 
the rapidly reciprocating parts induce a con- 
stant state of active vibration, the cause of which 
does not appear by any examination when the 
engine is standing still. 

Mr, Yarrow's experiments. 

Probably the most complete series of investi- 
gations from a practical point of view were 
those conducted by Mr. Yarrow for ascertaining 
the causes and remedies for vibrations produced 
from the reciprocating pistons, valves, etc. 
Driving pistons, with cranks and connecting 
rods, w’cre arranged by calculation and experi- 
ment so as to compensate by their reciprocation 
for •such differences as remained over unbal- 
anced, after the several sets of engines had 
compensated, as far as possible, for the com- 
bined action of all the reciprocating parts, and 
the result achieved was an extreme smoothness 
of motion and a lessened amount of vibration. 
These experiments are published in the pro- 
ceedings of the Institution of Naval Architects. 
irregularity of Turning Effort. 

A screw propeller*may be regarded as offering 
a steady and uniform tangential resistance to the 
engine by which it is driven, so it follows that 
the tatter should also show a steady^ tangential 
driving force. With an ordinary pair of cylin- 
ders constituting a single-acting petrol engine, 




with cranks opposite, such as shown by 
8 and 9, worked with high rates of expanstosf; 
the maximum driving pressure usually occurs at 
about the middle of a stroke, and the driving of 
this particular class of engine ceases altogether 
while these cranks are passing over their dead 
centres. Consequently there is a series of UO'* 
pulses driving the screw, instead of a steady 
uniform force. This occurs, but in a somewhat 
lessened degree, when a fly-wheel is on the en- 
gine shaft. Such a mode of action is parallel 
to the case of a rower who gives a tremendous 
pull at the middle of a stroke of his oar, hut 
slacks off towards the commencement and end, 
instead of giving a steady pull during the full 
length of a stroke, which every rower knows to 
be necessary. 

In the case of a petrol engine, the evil of 
irregularity may, in some small degree, be com- 
pensated for by the high proportions its moving 
parts bear to the rate of expansion, but the 
best palliation of all is to have three or more 
cylinders all driving the same shaft : generally 
from three to eight cylinders are employed with 
such an arrangement. 

With such high speeds as are usual with pet- 
rol engines, the movements of their compara- 
tively heavy parts, namely, the long piston, with 
its end of the connecting rod, profoundly modify 
such pressures as may be shown on an indicator 
diagram, at every part of a stroke, both driving 
and exhausting, refilling with fresh air, and 
compressing according to the Otto cycle, and it 
is with these modifications that the engineer has 
to deal. 

A Practical Example. 

The following example will serve to illustrate 
a rather complicated subject. The data given 
are purposely exaggerated so as to make ml the 
points clear, so it will be understood that they 
do not necessarily show points to be copied, and 
indeed in some respects the examples given can 
hardly be considered as good engineering prac- 
tice at all. 


Table of Data of Petrol Engine. 

Internal diameter of bore of cylinder 6*9in. 

Length of piston stroke 6*5 ,, 

Radius of crank, 3’25in. or 0'27ft 

Length of connecting rod 13in, 

Ratio of crank to connecting rod, 3*25 to 13= 1 to 4 

Weight of piston = 15Ib, 

Weight of piston and half of connecting rod= 251b, 

Centre to centre of cylinder :r: 9m. 

Revolutions per minute = 1000 

Area of cylinder =r; 27*398q. in. 


Assuming the entire weight of the piston 
and half of the connecting rod concentrated 
around the crank pin » 251b., then according to 
formulae already given the centrifugal force 
F - 251b. X 1,000 X 1,000 X .27ft. X .00034 *« 

2,2951b. or per square inch of piston = 

= 83.jlb. (say) 841b. Thus in the present 
example there would be about one ton tending 
to twist the shaft in every direction around thft\ 
centre point marked C in Fig. 7. 




' 83 ° ■ 
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Under such heavy strains no rigid resistance 
IS possible, for there must be an incessant 
yielding of the shaft in every direction, as the 
weights revolve; and a series of violent strains 
become inaugurated which culminate in vibra- 
tion, if they do not end in disaster. 

The Question of Reciprocating Masses. 

Thus it will be evident that the balancing of 
all revolving masses in connection with the 
crank shaft is a matter of easy accomplishment, 
but when the question of balancing reciprocat- 
ing masses has to be considered, quite a number 
of coniplex problems arise. Some of these are 
negligible with engines running nt slow speeds 



but all acquire great importance hen regarded 
in connection with the high speeds demanded 
from petrol engines driving motor boats. 

With all internal combustion engines, which 
necessarily deal with heavy initial pressures, it 
is fortunate that comparatively large, heavy 
pistons and connecting rods have to be used, for 
it is in consequence of the shock of explosion 
being so greatly absorbed in starting these heavy 
bodies from a state of rest that this class of on 
gine is permitted to run so smoothly as experi- 
ence shows it does ; also It is fortunate that these 
irregularities can be designed so that in a great 
measure they compensate for each other. They 
diminish the excessive driving pressures of ex- 
plosions, and they provide additional power just 
where it is wanted during the latter half of the 
stroke, to augment the diminished driving force 
due to the high rates of expansion and falling 
pressures which prevail with this class of en- 
gine. They also tend towards economy, smooth 
running, and absence of vibration. 

This subject can best be afiproached by ex- 



ample, and the figures typical of a motor already 
given (p.209)will serve this purpose well. In Fig. 
10, A B represents the stroke of a piston, and 
A M = B N = 841b. per square inch to any con. 
venient scale, such as the corrc.sponding engine 


indicator diagram might use. This ^ib* repre- 
sents the centrifugal force due to the weight 
of piston plus, generally, half that of the ccul- 
necting rod, as if concentrated at the crank pin. 
Absorption of pressure at A M diminishes as the 



piston travels from A towards B, and when it 
arrives at O no further pressure is required for 
acceleration, as the piston has acquired its high- 
est velocity In passing from O towards B this 
highest velocity of the piston is gradually retar- 
ded, and reappears in the form of pressure, 
until, at B, a maximum B N is reached (of 841b. 
per square inch of piston) and the reciprocating 
parts are exercising this full pressure upon the 
crank pin, a crank which at B is on its outer, 



really amounts to a considerable inlUience in 
modifying the form of the line M N in Fig. 10. 
In this figure the amount of work that is re- 
piescnted by the space A O M is the same as 
that shown by the space BON, and this pro- 
portion will be found to hold good in the further 
development of this diagrarh. 

Effect of Connecting-rod Length. 

The ratio between connecting rod and crank 
in Fig. II is as O C to O C, or as i3in. to 
3lin., or as 4 to i. At the commencement of 
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ewry stroke, or at the end of every stroke, the 
cohnectlng: rod Ct C lies ^ongf a straight central 
line A^ B, and at the middle of a stroke it be- 



Fig. 14. 

* 

comes foreshortened by the amount of its versed 
sine O P. The effect of a connecting rod bear- 
ing this proportion towards the crank is to add 
one-fourth of the 841b. already calculated (name- 
ly 2ilb.) per square inch of piston at the com- 
mencement of a stroke, and to deduct one fourth 



at the end of a stroke, thus compensating for 
the shorter or longer periods which occur with 
a finite connecting rod, but which are ab‘ient 
horn one of infinite length. If the proportions 
of connecting rod to crank were arranged, for 



18 


example, to be as 6 to j« then it would be nece^ 
sary to add and deduct no more than one-sixth 
of 841b., or ixlb. only instead of 2ilb. As with 
the diagonal line M N, Fig. 10, so will the other 
following diagrams show equal areas, and re- 
present equal powers, added or deducted, so that 
in the difference due to a connecting rod, there 
is no direct loss of power (except throuj^h fric- 
tion) but only an interchange in its distribution^ 
With the addition of 2ilb. the 841b. per square 
inch on the piston becomes 1051b. = A D, , Fig, 
12, and with the deduction of 2ilb., the $4ib, 
per square inch becomes 631b. per square iniph 
equals Q B, Fig. 12. Thus Fig. 12 represents 
the effect of reciprocation on the forward or 
driving stroke, and Fig. 13 shows corresponding 
effects from the return stroke. Intermediate 
points can be ascertained by a diagram such as 
Fig. 16. Here the circle L N P is drawn where 
the radius O L represents 841b. per square inch 
(not to the same scale as used with the preceding 



diagrams). O K is marked off to the right ot 
the centre line to the extent of 21 lb., and S N 
and T P are drawn on two tangent lines each 
representing 2ilb per square inch qn the piston. 
The next thing to do is to find a centre for a 
circle which cuts the three points, S, K, and T, 
which centre, in the present case, will 1^ found 
in the circumference iit L. The horizontal lines 
L O and O M are each to be divided into as 
many spaces as occur with the indicator dia- 
gram, namely, five. Vertical lines from these 
divisions cut the circle L M N P at points 
marked i, 2, 3, etc., in corresponding positions, 
which show the position of the crank pin over 
each of these ten divisions. If now horizontal 
measurements be taken from the points where 
such vertical lines cut the circle on to the ver- 
tical line N P, the intermediate distances thus 
ascertained may be transferred to Figs. 12, 13, 
and 14, thus agreeing with the conditions of an 
Infinite connecting r^ in so far as they give an 
exact equality between what has to be deducted 
from the first half of a driving stroke and added 
to the second half— as shown by the diagonal 
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line in Fig. lo and with the light diagonal lines 
m Figs. 12 and 13. But if instead of mea- 
surUigf from points on the circle L N M P» we 
measure from the same points to the concave 
aurface S K T, Fig. 16, we get the lengths of 
a series of ordinates which give intermediate 
positions where L K. Fig. 16, corresponds with 
A D (Figs, 12 and 13) and where K M, which 
corresponds with Q B (Figs. 12 and 13), and 
other ordinates are measured from the circle to 
the convex surface. Having thus ascertained 
the terminal lengths of these ordinates and 
transferred them to Figs. 12 and 13, it is only 
necessary to draw a curve D O Q (Figs. 12 and 
13), which scales correctly the amount of pres- 
sure to be deducted from the driving pressure 
from A to O, or added to it from O to B, thus 
correcting such irregular and heavy strains as 
are shown to exist by the indicator diagram, and 
providing a new diagram which shows the pres- 
sures correctly given, and as they actually exist. 

Matters relating to the compression side of 
the motor are illustrated by Figs. 14 and 15. 
The ^rmer of these figures is copied from the 
lower compression portion of the indicator dia- 
gram Fig. 17 (dotted) without any reference to 
possible modifications due to the momentum of 
reciprocating parts; a consideration which is 
recognised in Fig. 15. 

Sfdge Pressures la the Otto Cycle, 

Af is well known; the Otto cycle has four 
stages. 

Stage No. i. — Corresponds with Fig. 12. It is 
the explosion of mixed air and petrol va- 
pour, while the piston is travelling from A 
to B.’ Here the pressure of loslb. per square 
inch to overcome the resistance of inertia in 
the moving parts is derived directly from the 
explosion, and at the further or B end of 
the stroke, a considerable pressure is avail- 
able to drive and to give a very heavy im 
pact upon the crank at the termination of 
a stroke at B. This power is lost. 

Stage No. 2.— Corresponds with Fig. 13. It is 
a movement of the piston from B to A, and 
is the exhaust stroke of the petrol motor. 
Here the fly-wheel, or its equivalent, pro- 
vides the necessary pressure of 631b. per 
square inch of the piston for accelerating 
the moving parts. After passing the middle 
of the stroke, the power ^ thus borrowed 
from its commencing half is restored, and 
it finally gives a pressure of 1051b. per 
jsquare inch of piston when it has arrived at 
*the termination of the second stage of its 
performance. 

Stage No. 3. — Corresponds, for the second time, 
with Fig. 12. It is a movement from A to 
B, introducing a fresh supply of air, mixed 
with petrol vapour. Here again the fly- 
wheel is called upon to provide the 1051b. 
per square inch of piston necessaiy to over- 
come the inertia of the reciprocating parts, 
and again this power is restored during the 


concluding half of this stroke, giving a ter* 
minal pressure on the crank of 631b. per 
square inch of piston area. 

Stage No. 4. — Corresponds with a movement 
from B to A in Fig. 13. This is the final 
stage, namely, the compression stroke B to 
A with Nos. 2 and 4, This No. 4 depends 
upon the fly-wheel to provide the necessary 
power for giving a start to the reciproc^ing 
parts, and this power, on its return from 
B to A, is not fully restored, for a part of it 
(A L Fig. 14) serves to compress the mixed 
gases during the latter part of its stroke, 
and, instead of giving back 1051b. per square 
inch at the end of a stroke, the amount re- 
quired for compression, as shown by A L 
(Fig. 14), namely, 5olb., has to be d^ucted 
from 1051b., leaving only the pressure repre- 
sented by L D (Fig. 15) or 551b. per square 
inch piston area, to assist the explosion by 
giving the use of this compression to save 
expending so much energy by the fly-wheel. 
Effect of Fly» wheel. 

All these pressures, in relation to each other 
and to the fly-wheel, are dynamic and quite in- 
dependent of the shape or other considerations 
concerning the indicator diagram, or anything 
in connection therewith. They concern only the 
reciprocating parts, and the forces involved for 
overcoming these resistances or absorbing these 
pressures. Of course the whole driving power 
of each cylinder of a petrol motor comes origin- 
ally from the explosion, and when that is in- 
sufficient to maintain the full speed it comes 
from the general working power of the engine, 
as stored up in its fly-wheel, or what may be its 
equivalent. Where the fly-wheel is of ample 
size, the normal speed is thus maintained, but 
it is subject to many fluctuations where, as in 
most petrol motors, the “ fly-wheel ” element 
is more apparent in the movement of the whole 
engine and whatever it drives than in the 
engine itself — ^just, in fact, as the train 
drawn by an ordinary locomotive engine con- 
stitutes its “ fly-wheel (and a very heavy fly- 
wheel, too, as it may weigh 100 tons or more 
and be run at 60 miles per hour). 

Modification of Diagram Pressures on 
Crank Pin, 

From the curves of pressure ascertained and 
shown by Figs. 12, 13, 14, and 15 it will thus 
be clear that considerable modifications have to 
be made in pressures shown by indicator dia- 
grams for those which finally come upon the 
crank. In order to show the general type of 
these changes, an indicator diagram has been 
selected from an internal combustion engine, and 
the familiar curves will serve to investigate the 
whole of this interesting subject. In Fig. 17 
we have an indicator diagram (AA^Z) selected at 
random from an internal combustion engine 
(which, however, did not make t,ooo revolu-' 
tions per minute) and on the upper part of this 
diagram is the curve D Q, with which the re* 
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ciprocattng parts are concerned. By deducting 
power represented by the diagram A^ D O, as in 
Fig. 12, from the first half of this stroke, for the 
p^^) 09 e of accelerating the reciprocating parts 
and adding an equal power during the latter pare 
of a stroke as represented by the space inclosed 
by pi we obtain the crooked line D R, as 
representing the terminations of ordinates, 
which, when joined together by the said curve, 
D R, represent the actual pressures delivered 
upon the crank pin, instead of the curve shown 
by the initial indicator diagram pressi/re and 
its expansion Ai Z. Referring now to Fig. 17, 
it will be seen how heavy is the pressure, namely, 
B R, which comes upon the crank pin at the 
end of every stroke, in this case of about loolb. 
per square inch of the piston area, or 2,7971b. 
altogether, from which pressure no relief is 
given. During the return, or exhaust stroke, 
namely, from B to A (Fig. 13), which is the 
second stroke of the Otto cycle, an exact equiva- 
lent to this last pressure has to be provided to 
restart the reciprocating parts, and such a con- 
dition of things would argue the desirability of 
adding some sort of air vessel, or cushion, to 
recover power now being lost or, rather, being 
expended to tine engine’s detriment. As air 
cushions are provided for parallel cases with 
some single-acting engines, to absorb some of 
this extra pressure and give it back again to 
assist in commencing the return stroke, there 
seems no reason why similar arrangements 
should not prove just as useful with internal 
combustion engines. 

During the third phase of the Otto cycle the 
same forces are engaged as are set out in Fig. 
12, but with one important difference, namely, 
that no extraneous power or explosion is avail- 
able to start the reciprocating parts from a state 
ol rest, or to continue the diminishing pressures 
required to maintain such acceleration, so all 
this power has now to be borrowed from the fly- 
w’heel, or its equivalent, and given back during 
the latter half of this third stroke. 

Then the second and third phases of the Otto 
cycle neither add to the power of the engine 
nor diminish from it, neglecting, however, those 
minor losses which invariably result from any 
changes in the type of mechanical effort em- 
ployed. 

The fourth, or final, stroke in the Otto cycle 
comdiences like the second (Fig. 13), by bor- 
rowing from the fly-wheel or general momentum 
of the whole engine, and after about the half 
stroke (Fig. 15) the accumulated work, instead 
of bejng returned without deduction, is partly 
employed compressing the mixture of air and 
petrol vapour, which was drawn in by the third 
stroke, leaving the balance of the acceleration 
forces to assist the first or explosion phase as far 
as it is available for that purpose. 

Multiple Cylinder Engines. 

These separate operations can easily be fol- 
lowed when the cycle of operations in a single- 
cylinder are under notice ; but when the per- 


formance of one cylinder is superimposed upon 
that of the other or others it is difficult. If not 
impossible, to follow with any accuracy the 
chain of combined operations with this class of 
diagram, and therefore another type of diagram 
will be employed, and it will enable the neces- 
sary observations to be made with ease and an 
accuracy sufficient for all practical purposes. 

It is now the usual practice to combine several 
singlfv-acting engines to drive one crankshaft, 
sometimes 2, 4, and even 8 units being used, 
each acting in succession, according to the equii- 
angular setting of their several cranks. This Is 
done according^ to the natural idea that as the 
number of engines increase so does the driving 
become more regular and thus more suitable for 
the screw propeller, for this devouring agent 
of power requires stea^ driving, since its tan- 
gential resistance is uniform all round the circle 
of its operations. 

Where more than four distinct engines are 
employed to drive one crankshaft, there arises a 
certain overlapping of the general driving power, 
and where less than four engines are used there 
seems at places a deficiency of driving power, 
owing to the necessity of providing for starting 
the reciprocating parts. A greater or less tan- 
gential effort is thus produced, which acts to the 
disadvantage of the whole. In order to disen- 
tangle these and other complex variations in the 
driving power, it is very convenient to use an 
adaptation of the circular diagram of forces 
which has proved so useful with steam engines. 
By its means an observer can follow the action 
all round a revolution, however many engines 
may be engaged. This kind of diagram has 
not hitherto been modified to suit petrol-driven 
engines, or in any way arranged to suit their 
peculiarities. 

CircuUr Base Line Diagram, 

In order to explain the circular base line dia- 
gram system in its application to petrol engines, 
the diagrams 18, 19, 20, and 21 have been pre- 
pared, and in these diagrams it is assumed that 
the proportions of cylinders, etc., and indicator 
diagrams already in use for Fig. 8 are also em- 
ployed with the present example, and that each 
engine in the sequence of its operations is the 
same. These diagrams show how it is possible 
to secure a re^lar, or nearly regular, tangen- 
tial effort for four cylinders (or a greater num- 
ber). In this present example, the cranks are 
set at 90"^ apart, two and two opposite each 
other, and thus securing a crude dynarmcal 
balance for the moving weights, which does 
not necessarily have connection with the in- 
ternal pressures on the piston. 

Fig. 18 represents the cycle of operations for 
any one of the four cylinders, and it consists 
mainly of a circular base line A B C D, divided 
by the cross lines A C and B D into four equal 
parts (or any other number according to the 
number of engines the diagram has to serv^. 
Each quadrant of the circumference is again 
divided into five parts, corresponding with 



THE MOTOR BOAT MANUAL. 




lar 4 ivlaions on the indicator diagram, Fig. 17, 
$nd 6ach quadrant is concerned with one stroke 
oi the petrol engine, thus 


From B to A relates to the impulse stroke, Fig. 12' 
,, A „ D ,, ,, exhaust, „ 13 

„ D ,, C ,, , ,, suction, ,, 12 

,, C „ B ,, ,, compression ,, 13^ 


For 

one 

engine. 


'The circle A B C D serves as four consecu- 
tive base lines, upon which radial ordinates can 
be drawn from the common centre O at the five 
dividing lines by which each quarter of the 



circle is divided. By transfen ing the lengths 
of the ordinates from Figs. 12 and 13 to corre- 
sponding positions on the circle Fig. 18, it is 
easy to add a containing line which completes 
the enclosures representing so much power. The 
shaded portions in Fig. 18 represent power given 
to accelerate the reciprocating masses and the 
plain portions represent this borrowed power 
returned. In tlie driving portion of this quad- 
rant (from B to A) account has already been 
taken of these forces of reciprocation. 

Whenever the Otto cycle is employed, no fur- 
ther power can he obtained from the engine than 
is given by the explosion stroke from B to A in 
Fig. 18, that is, one stroke out of every four; 
and, therefore, in single-cylinder gas engines 
heavy fly-wheels are required or the driving be- 



comes unsteady, irregular, and spasmodic. In 
motor boats, where heavy fly-wheels are inad- 
missible, several distinct engines are used to 
attain the corresponding object, namely, uni- 
formity in driving, or bome approach to it. 

It will be observed in Fig. 18 that the radial 
urdin^ites from the quadrant B A are very uni- 


fomi throughout the stroke; that is owing to a 
transference of energy shown to exist in Fig. 
17 due to the action of reciprocation. This 
ratio, however, must not be expected to exist in 
every engine, for each will have its own pro- 
portion. At the point A, the first stroke comes 
to an end, for driving ceases altogether, and 
during the remaining three-quarters of a revo* 
lution power is borrowed to accelerate the n^ove- 
ments of reciprocation and given back again to 
drive the engine. Thus, 

Erhaust stroke . — From A to P po?ver is 
giiven out or lent from the impulse 
stroke and restored from P to D. 

Suction. — Correspondingly, from D to N, 
power is absorbed and restored between 
N and C. 

Compression. --From C to M, power is 
again borrowed and restored from M to 
B, not so much to assist in driving the 
engine as in compressing the mixture 
of air and petrol gas which has been 
drawn in by the preceding stroke. 

Thus, this circular form of diagram serves as 
a convenient system for following out the opera- 
tions of the Otto cycle. It is easy to distinguish 
the magnitude and duration of the single force 
which provides all the power, and the deduc- 
tions or i>erturbations which concein this power 
before it can be delivered to the main shaft to 
drive a screw propeller or anything else. The 
simple interchange of power from one part of 
a stroke to another, and the provision which 
has to be made ior the assistance given to com- 
pression, will also be noticed. Indeed, this cir- 
cular form of diagram is but the plain diagram 
with a circular base line, and constructed wuth 
equal tangential lengths measured on the cir- 
cumference and not on the piston stroke. 

To avoid complicating this somewhat confus- 
ing subject no notice has been taken of minor 
resistances, or friction, which may indeed be 
cancelled in practice, and, at any rate, are mat- 
ters with which we are not at present con- 
cerned. 

Pair of Petrol Engines with Cranks opposite. 

The simplest combination for singlo-acting 
engines will be found where their cranks stand 
opposite one another, or where the cylinders are 
opposite one another, actuating the same (jrank. 
Figs. 8 and 9 arc sections shov\ing the former 
of these arrangements, and Fig. 19 expresses 
their performance. F.ich engine is assumed to 
be exactly alike as to weight, valve setting, and 
all other particulars, and the addition of a second 
engine simply does away with the second lend- 
ing and rctiiiiii.ig of power which occurred 
during the third quarter of the previous arrange- 
ment, where theie was only one engine driving 
the main shaft. 

Here, again, B to A and D to C arc impulse 
strokes. From A to P povver is borrowed, and 
from P to B it is returned. Again, from C to 
M power is borrowed and returned from M to B. 
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Fout-cylinifer Petrol Motor with Cranks 
at 90 deg, to each other. 

^ Two advantages arise from the combined ac- 
tion of four cylinders in a petrol-driven en^ne : 
One is that the driving' is practically uniform, 
thus corresponding with the resistance of a 
screw propeller, and the other advantage is that 
a rough sort of dynamic balance is provided to 
check the vibration which comes from unbal- 
anced moving parts. 

Fig. iS shows the sequence of operations 
of the single acting cylinder of a petrol-driven 
engine, showing only one quadrant — B A driv- 
ing. Fig. 19 shows the combined operation 
of two cylinders, with their cranks opposite, 
showing tw^o opposite quadrants B A and D C 
driving; while A D and C B are quadrants, 
in both of which there is a loan of power, and 
its restoration in the manner already described. 
When we come to F'ig. 20, the whole c3Tle of 
operations is revealed ; there each crank is set at 
right angles to its neighbour, and it will be 
noticed how very uniform the driving has be- 
come. In the present example the effect has been 
produced by a judicious use of heavy reciprocat- 
ing parts in their relation to their modified dia- 
gram, Fig. 17. If any of these proportions are 
changed, corresponding effects will be produced 
in the diagrams throughout. 

In order to emphasise the evils which might 
arise from heavy masses in rapid motion, the 
impossible diagram (Fig. 21) has been prepared 
and drawn to the same scale as the preceding 
three diagrams. But it is here (in Fig. 21) as- 
sumed that the full pressures shown on the in- 
dicator diagram, viz., A L Z are transmitted 
directly upon the crankshaft without any of that 
modification which makes the actual working 
diagram D L R Z to provide such smooth run- 
ning effects. This comparison shows that it 
may not always be advantageous to lighten the 
reciprocating parts too much, especially in petrol- 
driven engines, where the variation in pressures 
is so great. Indeed, the necessity of designing 
these engines with heavy pistons for other 
reasons may hd\e caused to be overlooked this 
important function of such heavy pistons in 
steadying the general action of the engine. 
Wherever the moving weights are improperly 
arranged, heavy strains are thrown on the crank- 
shaft, £«id it requires some penetration to ascer- 
tain this somewhat occult cause for disaster— 
when such occurs. 

With regard to the employment of more than 
four cylinders, and quite apart from the conveni- 
ence of having pistons of small diameter, or with 
ready means of I'ediqilication in case of accident, 
or from any other cause, there is an advantage 
which conduces to steady driving, namely, that 
a certain amount of overlapping occurs by the use 
of five or more cylinders, and thus vacant spaces 
may be bridged over. Kach of the four cylinders 
can only \york during half a revolution of its 
crank (which is reduced in the diagrams to a 


23$ 

quadrant) and its activity has rapid changes,, 
where one engine takes up the work of an- 
other. It may thus be a distinct advantage to 
have one or more additional cylinders to bridge 
oyer vacant spaces, which practical experience 
discovers, but which theoretical investigations do 
not necessarily make known. 

Balanciag of Revolving Weights. 

The modification in four of the indicator dia- 
grams and other matters discussed in the pre- 
ceding paragraphs can be arranged so as to re- 
sult in very steady driving, but it by no mean.s 
follows that they are the best arrangements for 
balancing the rotary and reciprocating w’eights 
among themselves. To regulate this <^uestion 
by calculation is a matter of some considerable 
trouble and complexity, but as the petrol en- 
gines are comparatively small in proportion to 
their speed and power, they can be hung on 
springs and driven by electro-motors at about 
the speed they are intended to run, and after a 
considerable amount of patient adjustment they 
can be arranged to run without excessive vibra- 
tion. 

An elaborate investigation on this subject was 
contained in a paper read by Mr. W. E. Dally 
at the Institution of Naval .Architects in 1901, 
and published in “ Engineering' ” on April 5ih, 
12th, and 19th, 1901. 

Horizontal versus Vertical Cylinders. 

Vibration may arise from the vertical posi- 
tion of the cylinders in motors. When locomo- 
tives w'cre first designed in this country the 
cylinders were often set vertically, the conse- 
quence of which was that an incessant chatter- 
ing was set up, owing to the pistons and con- 
necting rods olfering resistance, by their in- 
ertia, to the steam pressure above them, lliis 
source of vibration was not removed until the 
cylinders were set horizontally, or nearly so, and 
this is a practice which is now universal. With 
vertical cylinders, the raising and lowering of 
the entin* locomotive, or at least that part of it 
which w'as alongside of the cylinders, was a 
definite movement, having- nothing to do with 
the ordinary work of the engine, but when the 
cylinders and pistons acted horizontally, both 
cylinder and piston wcie in horizontai move- 
ment, a little faster or slower as the piston 
moved forw^ards or backwards, a mere variation 
in horizontal velocity. The same class of effects 
may be seen in motorcars or in motor boats, so 
that either one or other of these may be classed 
with locomotives, so far as this particular mat- 
ter is concerned. That this point has not been 
ignored or neglected is certain, for some makers 
have designed special engines, so that there 
shall be c^ual masses of metal, that is, pistons, 
etc., moving in opposite directions so as to 
counteract any tendency there might be to pro- 
duqe vibration with such a provision omitted, and 
this arrangement works well. 



THE MOTOR BOAT ftlANUAL. 




MECHANICAL HORSE-POWER. 

What it is and How it is Measured, 


In these days when almost all details of life, 
and especially that of locomotion, are controlled 
by mechanical means, nearly everybody is an 
engineer— more or less— and those oi our readers 
who profess to have any practical acquaintance 
with the working of their motors may reason- 
ably claim to be “ more.” Therefore it may be 
thought somewhat unnecessary to enter upon 
a disquisition upon the subject of horse-power, 
which is so essentially bound up with the ele- 
mentary knowledge of the marine motor. But, 
in the first place, there will be amongst our 
readers many w’ho are making their first ac- 
quaintance w^ith motor, or other engines; and 
also, because everyone is somehow' expected to 
know instinctively all about so elementary a sub- 
ject, we arc convinced that there are many with 
a considerable experience of motors who yet 
have a very ha/y notion of what horse-power 
really means, 'i he designer or manufacturer 
says that an engine of so much horse-powder is 
necessary to secure the speed required under cer- 
tain conditions, and w'e glibly order an engine of 
that power ; thereafter w'C freely discuss speeds 
and powers with our fellow motorists, but, if we 
honestly search the depths of our knowledge, 
how many of us (not being trained engineers) 
can conscientiously say that we know what we 
are talking about? Wherefore to our subject 
without further excuse or preamble. 

Whence the Term and What the Power, 

The term “horse-power” as applied to a 
mechanical prime mover, i.c., a sicani, water, 
air, or gas engine, dates back to about 1780 to 
1790. In those days Matthew Boulton and 
Watt were making a commercial success of 
their steam engines, which, needless to say, 
were among the earliest in general use. As 
these engines w^cre mostly supplied for driving 
mills, pumps, etc., which hitherto had been 
worked by horses, it became a matter of com- 
mercial convenience to rate the engines in terms 
of the horses they were expected to replace. Con- 
sequently Boulton and VVatt set themselves to 
find out what W’as the average power of a horse 
in ordinary work. They took for their type the 
strong dray horse used in the service of the Lon- 
don breweries ; they found that, working for 
eight hours a day, a horse could travel at the 
rate of 2^ miles an hour, and, from experiments 
of lifting weights attached to a cord, led over a 
pulley, they also found that the average which a 


horse could lift steadily was 1501b. Applying 
these two results and assuming that their aver- 
age horse would continue to lift isolb. while 
travelling at its usual rate for an hour, they de- 
duced the average power of a horse as that re- 
quired to raise 1501b. through 2^ miles in an 
hour, or ilb. through 33,000ft. in the minute; 
or, conversely, to raise 33,0001b. through ift. in 
the same time. Thus the mechanical unit of 
horse-powder became 33,000 foot-lbs. per minute, 
and, misleading as the figure is when applied in 
comparison with animal horse-power, it is never- 
theless now universally accepted by all British 
engineers, and, with only slight modification to 
suit the system of notation of the country, by 
those of foreign nations also. 

The Power of a Horse, 

We have said that the term “ horse-power ” is 
misleading, and for the following reasons. The 
mechanical horse-power has an absolutely 
definite value incapable of variation, while the 
power of a horse is constantly varying between 
very wide limits, and varying not only with the 
type of horse, but also, and more important, with 
the conditions of the work in which its power is 
employed. The experiment of Boulton and 
Walt was no doubt a perfectly fair and reason- 
able one so far as it went, but, whereas the 
weight-lifting test lasted probably for a few 
minutes only at most, they assumed that the 
horse would continue to work steadily at the 
same rate for an hour, or, in fact, for a day, since 
their estimate of speed was based upon eight 
hours’ work. Now we know, from other ex- 
periments which have been carried out since 
Watt’s time, that a good strong horse in a short 
effort, lasting a few seconds perhaps, is the equal 
of as much as 15 mechanical horse-poweV. Also 
we know that a horse gets tired, and whatever 
his power, he cannot exert it after a certain 
period ; in fact, it is steadily decreasing all the 
time until the horse is no longer able to work. 
On the other hand, the mechanical horse-power, 
while not so “ forceful ” as the animal at start- 
ing, maintains a constant value indefinitely. 
That is to say, a 2h.p. engine will continue to 
work at the rate of two horse-power when the 
two animals which it may be taken to represent 
are ready to drop from fatigue and are not 
capable of exerting anything like their full power 
for even a fraction of a minute. Consequently 
it will be realised that there can be no 
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w^risou in g^eral terms between the power 
jdl an engine and that of a horse. 

' -AVhile on this subject it may be well 
to attempt to clear up an apparent anomaly 
which has puzzled many people. The ques- 
tion arises somewhat in this form : Why 
it it that one horse will tow a boat, say 
a canal barge, at two miles an hour, while a 
ip-i5h.p. engine is necessary to propel it at little 
greater speed? Well, in the first place, the pull 
on the tow rope is only about half the equivalent 
force exerted were the boat to propel i^elf. 
This has been demonstrated by experiment, and 
it may also be deduced scientifically. 

Many years ago some experiments were car- 
ried out by the Admiralty with the object of 
ascertaining the difference between the pull on 
a tow rope and the equivalent pull (or push) 
when a vessel was propelling itself. Two ves- 
sels were selected, the “ Active,” of 3,078 tons, 
and the “Greyhound,” of 1,157 tons, and the 
former was set to tow the latter. In this case 
the pull on the tow rope was found to be 
io,77olb. The “ Greyhound ” was then driven 
at the same speed by her own engines, and 
the force required (deduced from indicator dia- 
grams) was then found to be 20,8301b., or prac- 
tically double as much. This was considered 
surprising at that time, but it really might have 
been expected; for consider what happens in 
screw propulsion. If a boat be tied up bv the 
stern and the propeller revolved, the whole of 
the power is absorbed in driving a column of 
water astern ; we all know that. If the boat be 
freed, and if we could hold the water still, all 
the power of the engine would be used in driving 
the boat ahead. What actually happens is 
something between these two, the water and the 
boat are driven in opposite directions, and each 
party requires practically the same amount of 
power, which of course is half what the boat’s 
engine is providing. But, also, there are fnany 
other abstruse problems involved in self-propul- 
sion afloat^which diminish the ultimate efficiency 
of the engine. If the engine were able to exert 
its force with the same directness as the horse, 
that is to say by getting a firm hold of the 
ground and applying a direct pull or push to the 
boat, then a motor of the same power as the 
horse (not necessarily one horse-power) would 
serve the same purpose ; but this, unfortunately, 
is not possible, and only a comparatively small 
proportion of the actual power of the engine is 
ultimately available to exert a direct propelling 
effect on the boat. Consequently it will be seen 
that if it be a question of getting the most out of 
one horse-power it would be better to put him 
ashore I 

What is Meant by the Term* 

Before proceeding further we would enjoin a 
clear conception of what horse-power is. It Is 
not force which, however, is frequently, though 
hazily confounded with it.* Force may be d^e- 

•’‘♦'Power'* Is eotnetlmea, though not strictly correctly, need 
•i » eynenym for “ force," whence eotifuslon results. 


fined as a cause which produces or timds to pn>« 
duce motion, and it is measured in pounds or 
other units of weight. It is a force (that of the 
exploded mixture) which causes the piston to 
move in the cylinder, but this force may remain 
constant whatever the number of revolutions of 
the engine, while the horse-power varies almost 
directly with the speed. Neither is horse-power 
the work done by the engine, but it is a measure 
of the rate at which work is done. Thus we 
have seen that one horse-power is 33,000 foot-lbs. 
per minute, but if the work of 33,000 foot-lbs. be 
done in half a minute then the engine which 
has accomplished that amount of work has been 
operating at the rate of two horse-power, Ob^ 
viously it would not require so powerful a motor 
to drive a S-ton boat over one mile in an hour as 
it w'ould to drive the same craft 10 miles in the 
hour; but it must not be assumed that doubling 
the power implies doubling the speed in the case 
of a boat As a matter of fact, the power required 
increases in proportion to the cube of the speed, 
more or less. Thus we see that “ horse-power is 
an equivalent term to “speed,” while it differs 
from “work” in the same way that “miles per 
hour ” differs from “ miles ” ; also we shall now 
clearly understand that when we refer to a 
2oh.p. motor we mean a motor which is capable 
of doing 20 times a definite amount of work m 
one minute. 

Nominal Horse-power* 

Besides horse-power pure and simple there 
are several modifications of the term which have 
been brought into common use by the methods 
employed in computing or measuring the rate of 
work done by engines under various conditions. 

It was comparatively easy for Boulton and 
Watt to arrive at a definite figure to represent a 
horse-power, but it was another matter to ac- 
curately measure the horse-power of their own 
engines, since the “ indicator ” had not then 
been invented. At least, they adopted a system 
of rating their engines by “ nominal horse- 
power ” (N.H.P.), which gave results very dif- 
ferent from the actual horse-power. For the 
purpose of calculation the mean pressiire (of 
steam) on the piston was assumed to be ylb. 
per square inch, and the average speed of the 
piston in feet per minute was taken as 128 
times the cube root of the length of stroke in 
feet. As steam pressures increased in course of 
progress the assumed mean pressure on the 
piston was raised by Bourne to 21 lb. per sq. in., 
the other factors remaining as before. Since then 
the formula has been further amended by engine 
manufacturers and by the Admiralty, but as the 
steam engine was improved and stage expansion ' 
adopted (i.e,, compound, triple, and quadruple- 
expansion engines) the relations between 
nominal and actual horse-power became still 
more strained, and the introduction of the engine 
indicator and the measurement of the mean pres- 
sure on the piston from the indicator card caused 
the term nominal horse-power to fall into 
desuetude. It Is still, howev|r, employed 



THE MOTOR BOAT MANUAL. 


338 


manufacturers of agricultural steam engines, 
but is never met with now in marine work. 

Indicated hone-power. 

The modern method of rating marine (and 
other) steam engines is by “ indicated horse- 
power ” (I.H.P.). The indicator is mechanical 
contrivance consisting essentially (i) of a small 
spring-loaded piston whose under side is in com- 
munication with one end or other of one cylin- 
der of the engine to be indicated, and (2) of a 
spring-controlled drum oscillated about its axis 
by means of a cord attached to some reciprocat- 
ing part of that section of the engine correspond- 
ing to the cylinder under observation. The in- 
dicator piston carries a pencil which traces a line 
upon a paper wrapped around the drum, and the 
combined motions of the pencil and of the drum 
cause a diagram to be traced out which repre- 
sents the action of the steam on the one side of 
the engine piston. As steam engines are double- 
acting the indicator has to be placed in com- 
munication with both sides of the piston, and a 
diagram obtained from each. To an expert this 
indicator card or diagram conveys much other 
information, but so far as indicated horse-power 
is concerned the sole function of the diagram 
is to enable the actual mean pressure on the 
piston to be measured— the indicator card docs 
not give the horse-power of the engine right 
away. This has to be calculated in much the 
same way that Watt did for his nominal horse- 
power, only in this case the mean pressure is 
actually measured instead of being assumed, and 
instead of Watt’s rule for piston speed, which 
assumed a constant for a given engine, the re- 
volutions of the engine arc taken at the same 
time as the diagram, and from the former the 
piston speed is exactly obtained. 

The rule for finding the indicated horse-power 
of a steam engine is as follows 

I.H.P. = 2. P.A.L.N. 

33,000 

Where P = the mean of the mean pressures on 
both sides of piston, in lbs. per 
sq. inch, 

A = area of piston in square iuches. 

L = length of stroke in feet. 

N = number of revolutions per minute. 

Now, if we examine this formula in detail we 
see that, since P is the average pressure of the 
steam (or of the gas in an internal combustion 
engine) and A is the area of the piston upon 
which that pressure acts, P X A is the force 
which causes the piston to move and the engine 
to work, and it is measured in lbs. Then L, 
being the length of the stroke, gives the dis- 
tance through which the force acts. This is 
measured in feet, and the product of the force 
multiplied by the distance [(P X A) x L] gives 
the amount of work done in foot-lbs. during one 
stroke of the piston. A steam engine being 
double acting (i.e., the force being applied on 
each side of the pkton alternately on the go and 


return strokes), it is necessary to double this 
amount to obtain the work done on the piston 
during a complete revolution of the engine. This 
amount of work will, therefore, be represented 
by 2 [(P X A) X L] ; but in order to find the 
horse-power we require to know the amount of 
work done in one minute, therefore we must 
multiply again by the number of revolutions 
which the engine makes in a minute.-' Our 
formula, then, becomes 2 [(P X A) X L] x N, 
and if we divide this by the amount of work 
(33,01)0 foot-lbs.) which Boulton and Watt de^ 
duced, and which is now universally accepted as 
the equivalent of one horse-power, the result will 
be the number of horse-power developed by the 
engine. 

As an aid to memory the order of the letters is 
sometimes transposed and the upper portion of 
the foimula is written 2 PLAN, but the import- 
ant part to remember is that the piston is mea- 
sured in inches, while the stroke is measured in 
feet. It is also important to note that the number 
of revolutions a minute at which the engine is 
running is an essential factor in determining the 
horse-power; the same engine will develop 
different powers at different speeds. 

\ 

Of an Internal Combustion Engine. 

In the case of steam engines the speed of 
revolution is nearly always low as compared 
with that to which we are accustomed with 
motors, and consequently difficulties arise in ap- 
plying indicators to tlic latter which do not occur 
with the former.* Special indicators are made 
for internal-combustion engines, and diagrams 
are frequently taken, but chiefly in experimental 
practice; it is not usual to determine the power 
of a motor engine cither in use or (except, per- 
haps, in the case of the first of a type) in the 
factory by means of indicator diagrams. Never- 
theless, when the power is so calculated the 
principle is the same as in the case of steam 
engines, and our remarks in the preceding sec- 
tion apply in general equally to motor engines, 
but with certain modifications in the formula. 

All usual types of motors are single-acting 
{t.e., they take pressure on one side of the piston 
only), therefore the 2 in the above formula at 
once comes out. In the case of two-stroke 
motors, in which an explosion or impulse occurs 
once in every revolution, that is the onlj modi- 
fication. Four-stroke motors, however, receive 
an impulse once in every two revolutions only, 
and therefore, instead of multiplying by 2 as 
in the steam formula, it becomes necessary to 
divide by 2, so that for a four-stroke motor 
the formula stands— 

I.H.P. = ^ _ _P.AX.K._ 

33,000 2 X 33.000 

It is necessary to remember that this applies 
to one cylinder only, and that the result must 

* The speed of steam turbines is greater, but the principle of 
their action is different, and they cannot be indicated in th« 
same way. 
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be multipHed by the number of cylinders to ob- 
tain the n.p. of the motor. 

This, of course, applies equally to steam en- 
gines, except in the case of cylinders arranged 
for stage expansion, where each must be re- 
garded separately. 

The Fallacy of Indicated Horse- power. 

It will have been observed that indicated horse- 
power is dependent upon the pressure of steam or 
gas in the cyclinder; therefore the power mea- 
sured is that of the piston, so to speak, not of the 
engine as a whole. If one takes a new motor 
which is fairly stiff, a considerable force will be 
found necessary to turn it by hand by means 
of the starting handle. It is conceivable that 
in such a motor there might be a considerable 
pressure of exploded gas on the piston which 
would be no more than sufficient to just revolve 
the shaft. If that motor were running, an in- 
dicator computation would show that it was de- 
veloping an appreciable amount of power, which 
might be as much as two or three horse-power, 
yet one could stop the motor easily by the mere 
pressure of a hand on the flywheel, thus showing 
that, though a certain measure of horse-power 
may be indicated, none is available for practical 
purposes. In effect, a portion of the indicated 
horse-power of any engine is absorbed in over- 
coming its own internal resistances, and the 
amount varies considerably with different en- 
gines. Thus (he I.H.P. does not give the mea- 
sure of the h.p. actually being developed by 
the engine as a whole and available at the fly- 
wheel or clutch. Still, in the case of steam 
engines at least, the indicator method remains 
the most convenient and generally satisfactory 
for obtaining (he horse-power. 

Marine Motor Power, 

Before leaving what may be styled the com- 
puting methods as distinguished from the 
measuring methods of finding horse-power, it 
will be convenient to refer to the formula of the 
Marine Motor Association. 

For the purpose of rating boats for racing 
it is necessary to have some means of deter- 
mining the power of the engine. The means 
adopted must be reasonably simple, and must 
involve only such factors as can easily be 
measured or are known beforehand. Both indi- 
cator readings and brake measurements are 
obviously out of the question where engines 
already installed in boats are concerned, and 
much thought has been brought to bear on this 
matter to devise a satisfactory method of 
measurement or computation of horse-power. 
Varying systems are employed in different 
countries, but the one adopted by the Marine 
Motor Association seems at least as simple and 
as satisfactory as any, though still open to 
criticism in certain directions. The formula is 
as’ follows : — 

M.P. (motor power) « 


Where A * Sum of areas of pistons in square 
inches. 

S Length of stroke in feet. 

R * Number of revolutions per minute. 

C » A constant « i,o(X) for four-stroke 
motors, and 600 for two-stroke 
motors. 


This formula is derived from that previously 
given for indicated horse-power, retaining those 
factors whose dimensions vary considerably, and 
which are known or can be ascertained for each 
engine, but assuming a fixed mean pressure on 
the piston for all engines of the same class. 
Four-stroke motors are assumed to have a mean 
pressure of 661b. per square inch, and 551b. per 
square inch is taken as the mean pressure for 
two-stroke motors. It should be noted that, in 
the M.P. formula, A is taken as the sum of the 
areas of all the pistons, whereas in the I.H.P. 
formula the area (and the I.H.P.) is calculated 
for each cylinder separately. The same result 
is, of course, obtained if the area be reckoned 
as for one cylinder only, and the result be multi- 
plied by the number of cylinders. 

Thus, tracing the evolution of the M.P. for- 
mula, we get for two-stroke motors (single- 
acting) — 


I.H.P. 


P.A.r..N. 

33.000 ^ 

55- A.S.R. 


Number of cylinders, 


33,000 

A.S.R. 

600 


= M.P. 


And for four-stroke motors (also single acting) 
I.H.P. = X No. of cylinders. 

33jOOO 

^ I ( 66 . A.S.R.) 

33.000 


1,000 

It will be noticed that the term “ horse- 
power ” is not employed, and, indeed, the for- 
mula does not pretend to give the horse-power 
of the engine, but only an approximation which 
bears a sufficiently near relation to what the 
actual horse-power may be expected to be, to 
serve the purpose of comparison in rating boats, 
for which it was devised. Marine power (M.P.), 
therefore, must not be confounded with horse- 
power (H.P.); they may happen to be the same 
in some cases, but also they may differ consider- 
ably. 

It is unnecessary to enter, at the present mo- 
ment, upon a disquisition on the merits or other- 
wise of this formula as applied to rating pur- 
poses, but obviously It has two disadvantages. 
The one is the method of arriving at the revo- 
lutions at which the motor attains its rated 
power. The other weakness of the formula lies 
in the value of the constant. This, as the evo- 
lution of the formula shows, is derived from the 
assumed mean pressure on tlje piston. At the 



pbff formula was constructed the mean pres- 
s' sE$if4ii tidcen were fairly correct* but in the three 
Or four years that have elapsed since then mat- 
/ tors have changed in this respect, to the advan- 
tage of the four-stroke motor, whose average 
'mean pressure has increased, and to the disad- 
vantage of the two-stroke type, in which the 
average mean pressure has apparently dimin- 
ished. 

Judging from results of the past season, it 
would appear that the mean pressure of four- 
stroke motors should be reckoned somewhere 
about 7olb., giving a divisor constant of 900, 
while for the two-stroke motor the mean pres- 
sure should be taken at about 441b., thus raising 
the constant for this type to 750. This would 
seem to put the two types more on an equality. 
But there still remains a source of uncertainty 
in assuming the same mean pressure for all 
motors of the same type. In the case of four- 
stroke motors, for instance, there was a case 
during the past season where the rating of a 
successful boat was challenged. On a remea- 
surement, the rating of the motor (and of the 
boat as a whole) was found to bo actually less 
than stated, and there is no doubt the good per- 
formance of the boat was due in a large mea- 
sure to the high compression and consequently 
high mean pressure of the engine, which caused 
her rated power to come out considerably less 
than her actual. Again, in the case of two- 
stroke motors, though nearly all users have been 
complaining that the formula rates them too 
high, which is tantamount to admitting that 
their mean pressure is not up to the assumed 
551b., yet there is a type of two-stroke marine 
motor where the mean pressure is 8olb. and over 
—-more than the average of ordinary four-stfoke 
engines ! But it is hopeless to expect to get a 
perfect formula for the rating of power in marine 
motor engines unless it be possible to actually 
measure it, and we now pass to that part of the 
subject. 

Brake Horse-power, 

The usual method of ascertaining the horse- 
power of a motor engine is to actually measure 
It at the flywheel by means of suitable apparatus. 
I'hus brake horse-power (B.H.P.) is that which 
the motor is able to transmit to the after mem- 
ber of the clutch (not to the propeller, for there 
are several other resistances interposed), and it 
IS therefore less than the indicated horse-power 
of the motor. Brake horse-power is so called 
because the apparatus used in measuring it 
usually takes the form of a brake on the fly- 
wheel, though the brake may be any one of 
several types. 

If, when a flywheel is revolving, we take a 
handspike or a long piece of wood and, placing 
one end on the floor under the wheel, pull up 
on the other, bringing pressure to bear on the 
flywheel, we can prevent the motor racing, or 
even bring it to a stop. If we could measure 
the strength of our pull we should be able to 
arrive at the power of the motor. That is the 


method of obtainmg the brakie 
principle. ' ' 

The earlier arrangement adopted with 
object was called the “ prony brake. It took^^ 
several forms, but perhaps the most common 
was as illustrated in Fig. i. 

This arrangement consists of two wooden 
blocks with V cuts, which are bolted round the ' 
shaft (not the flywheel in this case). Attained 
to the upper block is a long arm graduate in ^ 
feet and inches, and to this is attached a weight. 
The tension on the bolts and the position of the 



Fig. 1.—'* Prony " brake. 


weight are then so regulated as to maintain 
the brake in equilibrium. The power developed 
by the engine was represented by a formula em- 
ploying the weight, its distance from the centre 
of the shaft, and the speed of revolution. 

This was too jerky and unsatisfactory for 
anything like accurate measurements. 


The Rope Brake, 

The most usual form of brake adopted for 
measuring the horse-power developed by a motor 
consists in its essentials of a rope wound one turn 
round the flywheel, secured to the roof at one 
end and loaded with weights at the other, the 
weights being such that the rope is held suffi- 
ciently tightly round the flywheel to permit the 
engine to steadily maintain its proper speed 
under its best conditions. In practice the ar- 
rangement varies somewhat, a common method 
being that shown in the diagram (Fig. 2). A 
special flywheel or drum is usually fitted in place 
of or in addition to the flywheel proper, and this 
is made with a deeply recessed rim, in which 
w^ater is run continually during the test to carry 
away the heat generated by the friction of the 
rope on the outside of the drum. The diagran> 
(Fig. 2) illustrates a usual arrangement of this 
kind. The spring balance and the spokes of the 
drum are omitted from the side elevation (right- 
hand sketch) for the sake of clearness. Here the 
deep rim (C) is shown, and water is led into it 
by a rubber hose or other means from time to 
time, or in a small continuous stream, the water 
m the rim evaporating or overflowing as it gets„ 
hot. Two ropes (A, A) are w^ound round the 
drum, and are kept in place laterally by being 
nailed to several pieces of wood (B, B), having ' 
lips which overhang the edges of the drum. 
The ends of the ropes are crossed at the point 
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where iihey coimt>lete the encircling of the drum* 
and are secured in pairs to yoke pieces, the 
lower one of which (E) is attached to a hook 

(G) carrying weights, and the upper yoke (D) 
being connected to one hook of a spring balance 

(H) suspended from a rigid structure (K) over- 
head. When the brake test is in progress the 
ropes and drum require a certain amount of 
lubrication from time to time, for which purpose 
oil, soft soap, or tallow may be used. The direc- 
tion of rotation is important, and is indicated by 
arrows in the diagram. There are several yaria- 
tions of this arrangement, but all are the same 
in principle. Sometimes a block and tackle is 
arranged to lift the weights slightly and so to 
ease the strain on the rope brake when it is 
desired to let the engine get up speed. 


Where W » weight at the hook acting down^. 
waras, in lbs. 

w =x |>ull (equivalent to a weight) at the 
balance acting upwards, in lbs. 

N = number of revolutions a minute. 

S = circumference of the circle at the 
middle of the rope around the 
drum. 

= being the radius 

the middle of rope from centre of 
shaft in feet. 

Examining this formula in the same way as 
before we see that there is a force in lbs. (W-w) 
22 

acting through a distance -—x 2 R m feet. The 



balance 

• •nittcd fpr 

Clear nets. 



W 


In use, suitable weights are placed on the 
hook (fir), such that the engine will run steadily 
at its required speed. The spring balance might 
be dispensed with, and the upper ends of the 
ropes (F) rigidly fixed if the weights could be 
easily adjusted to the requisite load, but as this 
is not practicable the balance serves to indicate 
the deduction from the weight on the hook to 
which its pull is equivalent. 

The method of calculating the horse-power 
absorbed by the brake, which, of course, is the 
hprse-power of the engine at the speed of revolu- 
tion at which it is running, is as follows : — 

B.H.P. (brake horse power) * 


product of this force multiplied by the distance 
through which it acts gives the work done (or 
absorbed) in foot-lbs. in one revolution, and if 
this be again multiplied by the number of revo- 
lutions we get the amount of work done in a 
minute. Hence, by dividing the result by the 
number of foot-lbs. (53,000), representing one 
horse-power, we obtain the number of horse- 
power which the engine is developing. 

TAe Btectrical Brake Test. 

The rope brake test just referred to, though 
fairly satisfactory and cheap in cost of plant, has 
the "objection that it is messy and unsteadj' 
through the variation in the frictioh bfetwoen 

e 
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rope md drum; consequently the electrical 
method of measuring horse-power is now fre- 
quently adopted in many works of any size. Th^ 
chief source of uncertainty in this case is the 
efficiency of the dynamo, i.e., the proportion of 
the mechanical power required to drive it, which 
it is capable of giving out again as electrical 
power. The efficiency of the dynamo is always 
known beforehand, and where a number of 
motors of about the same power have to be 
tested, it may be regarded as constant, but 
where the powers differ considerably within the 
range of the dynamo, its efficiency, since it will 
vary, must be known for each power at which it 
is us^. It should be noted that the sole function 
of the dynamo is to convert the power of the en- 
gine into such a form that it mav be conveniently 
absorbed, and at the same time readily mea- 
sured; though, strictly speaking, in all these 


resistance consists of ait iron trough or U&x. 
filled with a solution of washing soda. A frame- 
work is erected over the box carrying an iron 
plate. This latter is attached by a cord to a 
drum, so that by turning the drum, the plate 
may be raised out of or lowered into the solu- 
tion, thus exposing less or more surface to the 
liquid and imposing more or less resistance to 
the passage of the electric current. 

The instrument board is preferably fitted'' with 
a main switch S, fuses G, voltmeter V, and am- 
meter H. A small controlling switch K is some- 
times fitted to the voltmeter. An incandescent 
lamp P is also generally fitted as a rough guide 
to the voltage. 

When a test of an engine is required to be 
carried out, after duly coupling up, the motor 
is started, and the dynamo brushes adjusted; 
the main switch S is then closed, and the resis- 



brake tests, it is not the power developed by the 
engine, but that absorbed by the brake (or resis- 
tance) which is measured. In preparing for an 
electrical test, the motor is coupled to the dy- 
namo, and the various connections are made as 
indicated in the sketch (Fig. 3). (This, for the 
sake of clearness, does not show the ^ectrical 
Ignition circuits of the motor, which are kept 
quite distinct.) 

Of course, where the apparatus is used for 
several tests, all the electrical connections are 
left undisturbed, and the motor is merely lifted 
into place and coupled to the dynamo. In the 
sketch, A is the dynamo coupled to the motor 
B. C IS the main switch and instrument board, 
and D is a water resistance ** which enaoles 
the load on the dynamo and consequently on 
the motor to be varied within wide limits. This 


tance D manipulated until the required current 
is shown by the ammeter H. A series of read- 
ings of speed, volts, and amperes is then taken 
and entered on a test sheet, an example of 
which is given overleaf (Fig. 4). 

From readings of revolutions, amperes, and 
volts, the horse-power can now be calculated. 
The product of amperes multiplied by volts gives 
the number of ‘‘ watts,” which is the electrical 
measure of power; and, since 746 watts equal 
one horse-power, the result, divided by this num- 
ber, will give the horse-power developed by the 
dynamo and absorbed by the water resistance. 
From previous tests of the dynamo, its efficiency 
will be known, and consequently the horse- 
power of the dynamo, divided by its efficiency 
(in decimal fractions of i) will give the horse-^ 
power put into it, or that of the engine under test 
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Hevolttttons 


Volts. 

Efficiency 

B.H.P. 

Time. 

per 

Minute. 

Amperes. 


of 


Dynamo. 


H. M. 
9 00 

1063 

69 

227 



28-7 

9 05 

1040 

68*5 

225 



28-3 

9 10 

1082 

69 

230 


1 73% . 

or 0-73 

291 

9 15 

996 

69 

217 


27-4 

9 20 

1003 

70 

220 


28*3 

9 25 

1017 

70 

220 



28*3 

9 30 

992 

70 

216 



27*7 


Mean revs. 1026. 
Mean B.H.P., 28‘3. 


Moan Amperes, 69 4. 
Mean Volts, 222. 


Fig. I.—Ezample of electrical brake test sheet. 

The formula in this case is as follows ; — 
HxV 


dynamometer is to clamp the arms to 
spindle and, by trial, set the bbuks SO 
such a distance alongf the arms (takings care 
to get both alike) as will absorb the power of 
the motor at the normal, or required speed ol 
revolution. When the motor is running steadHy 
take the revolutions by counter or other means, 
cube the number and multiply that by a constant 
corresponding to the point at which the blad^ 
are set along the arms; the result will be the 
brake h.p. at the revolutions recorded. The 
constant is taken from a table supplied by the 
makers of the dynamometer. 

It will be noticed that, the blades being once 
set, only one variable (revolutions) has to be re^, 
and the formula becomes very simple : 

B.H.P. = N 3 X C 



B.H.P. 

746 X E 

where H = number of amperes. 

V = number of volts. 

E= efficiency of dynamo. 

In practice the B.H.P. would not be worked 
out for each reading, but the means of all read- 
ing would be taken and the power worked out 
once from these means. Thus in the example 
taken above : 

69.4 X 222 

B.H.P.= = 28.3 

746 X 0.73 

It should be noted that the number of revolu- 
tions of the engine does not enter directly into 
this formula; it is, however, an essential factor 
upon which the electrical readings depend, and 
is thus indirectly taken account of. It will, 
therefore, be seen that the horse-power recorded 
is that of the engine at the revolutions (or the 
mean revolutions) at which it was taken. 

The Fan Dynamometer. 

Perhaps the simplest, cleanest, and possibly 
also least costly method of obtaining brake horse- 
power is by means of the fan or absorption 
dynamometer. This is a simple instrument, 
which is capable of being affixed to the engine 
shaft.* It consists, as will be seen from the illus- 
tration (Fig. 5), of a pair of flat plates attached 
to a pair of arms, which are clipped round the 
shaft of the tnotor. In the arms are scries of 
holes (equidistant from the centre in each arm, of 
course), through which the bolts securing the 
blades are passed, and corresponding to these 
holes are numbers marked along the tops of the 
arms. Three sizes of blades are supplied, the 
smallest being used for powers up to 6h,p., the 
medium for powers between that and 3oh.p., and 
the large blades up to 6oh.p., while larger blades 
and arms can be made and calibrated for higher 
powers if required. The method of this 



Taking an instance where the medium blades 
were used at the 15 mark, and where the revolu- 
tions were record^ as 1,000 

B.H.P. « i,ooo 3 X 0.0000000113 
= 11.3 

The blades vary in size from 6in. bv 6in. to 
8 Jin. by lyin. 

It will be noted that this method of calculating 
the B.H.P. cannot be compared with the previous 
ones referred to, nor can the formula be de- 
duced from that for l.H.P. as the others were. 
From that point of view it is a decided weakness 
of this method that one has to rely uf>on a con- 
stant whose derivation is unknown, and which 
one cannot check. But the dynamometers have 
been calibrated and the constants derived from a 
long series of carefully conducted experiments 
with electrical motors which themselves were 
checked against other brake tests, all due pre- 
cautions being taken for variation of tempera- 
ture, etc. The area and radius of the blades 
might be deduced approximately from the power 
required to drive fans, which varies directly as 
the cube of the speed within very wide limits, 
but each standard size of blade is independently 
tested for a large range of powers and speeds. 
While this dynamometer might not be considered 
satisfactory for scientific purposes it would ap- 
pear to be sufficiently so for the practical pur- 
pose of obtaining the power of marine motors. 

A similar type of brake has vanes working 
apfainst the action of water jets instead of the 
au* blades, and is used in a precisely similar 
way, also employing constants. 


o 2 
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INSTALLATIONS FOR VARIOUS SERVICES. 


Some Noie» for the Quidoacc of tbose who ore Coatemplaiiag InBtaliiag a Motor for 

the First Time. 


In endeavouring briefly to advise as to the 
types of motor most suitable for the several 
classes of work for which they may be required, 
we must ask readers to bear in mind that ft is 
extremely difficult, if not impossible, to lay down 
any hard and fast rule. Apart from general 
principles, particular conditions will determine 
what IS most suitable in different cases ; one may 
decide that a certain motor would be the best 
in the craft one has in view, but its installation 
may necessitate alterations of the vessers ar- 
rangement which are not desirable. In that 
case a compromise must be effected. And, 
again, personal predilection is always a powerful 
factor in making a choice. 

Therefore, it must be understood that we enun- 
ciate general principles as modified by our per- 
sonal views. 

River Launches. 

The conditions that have to be fulfilled in a 
motor intended for river launches are compara- 
tively easily met. This type of boat in general 
is lightly built; therefore, weight for power, 
the motor must be as light as possible. Also, 
the boat has usually a shallow draught; there- 
fore, the propeller must be of small diameter, 
which means high revolution speed of the motor. 

Fortunately, these two conditions fall in with 
one another, and are met by a motor of the 
automobile type. But that is not all, for vibra- 
tion is a factor which cannot be ignored, least 
of all in a long, narrow, and lightly-constructed 
boat, as most river craft are. If the power be 
very low, such as to require but a single-cylinder 
motor of the four-stroke type, the vibration must 
be considerable, though the boat would probably 
be shorter in proportion to beam and depth, and, 
therefore, stronger and better able to withstand 
it, but probably a slower speed motor of the two- 
stroke type would be preferable. 

For larger boats and powers an automobile 
type of engine will serve very well, remember- 
ing that four cylinders give less vibration and 
more flexibility than two. Such a four-cylinder 
motor of a good present-day make will have a 
range of flexibility from, say, 200 to 1,000 revo- 
lutions a minute, sufficient for all speeds that 
are reauired, but of course it must be remem- 
bered tnat. for use^ on crowded or narrow rivers, 


every installation should include a good friction 
clutch and reverse gear. For the reason that the 
clutch is likely to be frequently withdrawn, it 
only when entering locks, etc., the motor in this, 
more than in any other type of boat, should 
be provided with an efficient governor. 

It will be better to have an engine rather more 
powerful than is required, and to run it at rather 
over half power, at which it will run more 
sweetly and with less attention. JThe motor in 
a car is very seldom needed to work up to its 
limit, and will probably give the best results 
at a considerable reduction of power, which In 
a boat may mean economy of fuel. 

On the other hand, if the boat is so low- 
powered as to do most of its running at full 
power, the wear and tear on the engine will 
be increased, but in a reputable present-day 
motor this will not amount to very much, and is 
of far less importance in a river boat, which, 
presumably, is used intermittently and is always 
near home, than it w’oiild be in another class of 
craft. 

It must be remembered that a motor of the 
type we are considering is designed for work in 
a car on the road. 

Exposed pump chains, gear wheels, leaky 
pump, or dirty clutch will throw spots of oil in 
any direction, to the detriment of the general 
efficiency of the installation, and this is one of 
the legacies that the automobile engine has 
handed over to us. 

A marine motor should not have exposed 
gears, chains, etc., and the pump should be so 
designed that it does not throw oil or water, and 
outside bearings should be fitted with oil- 
catchers, etc. 

In a motorcar the engine is covered by a bon- 
net, and it is immaterial how rnyich dirt is 
thrown about or how many exposed gears or 
chains there are, so no attention has been paid 
to this matter. 

To a great extent this is obviated in a boat by 
placing the motor over a metal tray and com- 
pletely housing it in; but prevention is better 
than cure, and, even if you prefer a motor-cover, 
it is better to be always sure you have a clean 
motor Inside than to know that the interior 
of the case will not bear inspection from any 
cleanly-disposed person. 
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' Hie modern method of installing a car engine 
in a launch is to provide an instrument-board 
similar to the dashboard of a motorcar, and on 
it to mount all the controls, lubricators, com- 
mutator, etc,, and to also arrange the board so 
that the flywheel and clutch can be protected by 
a neat brass cover attached to the board, and to 
so arrange the reverse gear lever, cluteh, con- 
trols, Steering gear, etc., that the navigator of 
the boat may have everything within his reach, 
and have complete control of the machinery and 
boat without altering his position. * 

It is very desirable on such a river as the 
Thames, where locks and traffic have to be 
negotiated, to have an engine that will start by 
turning on the switch, and for this reason, 
where magneto ignition is fitted, it would be 
a great convenience to have high tension igni- 
tion as well : unless such an arrangement as the 
Bosch or Simms self-starting attachmente be 
fitted; but in this case we are dealing with a 
compromise, a substitute for the engine designed 
expressly for marine work, and as car engines 
are usually designed for easy starting, there 
should be little difficulty under this head. 

It must be borne in mind that, whatever 
arrangement the maker of this motorcar engine 
has provided for the exhaust, when it is in- 
stalled in your launch it must be water-cooled, 
and this must be taken as an indispensable 
condition. 

Beach Boats^ 

By this term we mean open or partially decked 
boats which are generally kept on and used from 
the beach. They may be private boats for fish- 
ing or pleasure purposes, or they may belong to 
that rapidly-increasing class which is let out on 
hire. The conditions are almost similar in both 
cases. 

Such boats will be comparatively small, stoutly 
built, and with a keel, since, in most cases, they 
will need to be hauled up the beach; in any 
case, they must be able to safely take the ground. 
The speed required will not be great, therefore 
high power will not be necessary.* The pro- 
peller will need to be fairly small, since it must 
not project below the keel, but as the boat will 
have a greater draught and coarser lines than 
the river craft, so small an area will not be de- 
sirable, consequently the speed of the engine 
should not be so great. 

As the boat and the motor will be exposed to 
the weather and salt spray, all moving parts 
must be properly enclosed, which, however, does 
not mean a mere box over the engine. 

The automobile type of engine will not be 
satisfactory in this case, but a properly designed 
marine motor must be installed, though, as it 
will probably be small in size and fairly easily 
rismovable from the boat, it is not necessary that 
there should be provision for adjustment of in- 
ternal parts beyond the valves, etc. Aluminium 
should not be employed for sea work. 

Regarding the case of the hiring-out or trip 
boat; economy of installation is an important^ 


point, therefore, vibration being of secojt^ary . 
moment, a single-cylinder motor may be vma, 
though two cylinders would be better. Although 
petrol is more expensive than paraffin, an oU 
motor requiring a blow lamp for starting or 
running is not suitable for this' work. A two- 
stroke motor would possibly be the better type 
for this class of work, on account of its freedom 
from valves and gear, and its general simpli- 
city, but provision should be made to prevent* 
reversal when starting in the hands of an in- 
expert person. Unprotected iron ctr steel parts 
should be avoided as far as possible, and where 
used should be adequately covered against rain 
or spray. This applies to bolts and nuts, par- 
ticularly in the smaller sizes. All parts requir- 
ing attention must be readily accessible, but as 
there will be a number of people in the boat, the 
whole installation must be properly encased or 
otherwise protected from damage. The circu- 
lating water inlet must be in such a position that 
it will not be damaged by grounding, and that 
it will not be liable to be choked by weeds, nor 
take in sand stirred up by the keel. Also it is 
advisable to provide arrangements for clearing 
the inlet of obstructions from inside the boat 
This is desirable in all types of boat, but par- 
ticularly so in a beach boat. The circulating 
water discharge must be above the water line, 
and in such position that it can be easily seen. 

Magneto ignition should be fitted, preferably 
low tension. Accumulators and high-tension 
coil may be fitted for starting or as stand-by if 
desired, but, if fitted, battery, wiring, and ter- 
minals niust be thoroughly protected, as well 
from accidental damage as from wet. 

The starting handle in such a boat should be 
of the flywheel disappearing type or else remov- 
able. 

An adequate bilge pump is a necessity; it is 
a convenience to have it driven off the ’motor, 
but in any case a hand pump should also be pro- 
vided. 

The control^ arrangements mu'^t be so arranged 
that the boat is always under complete command 
of one man, and the several fittings must be so 
installed that their setting cannot be deranged 
by persons accidentally knocking against them. 

Yachts' Tenders^ 

The requirements in this case, though they 
may vary with the different classes of boat, are in 
many respects very similar to those in the ease 
of beach boats just referred to. The smaller 
classes of yacht’s boat, at least, may frequently 
be required to land on a beach, and the arrange- 
ments must, therefore, be made with this in 
view. 

For a dinghy or small launch of fa'iny low 
power a two-stroke motor, in conjunction with 
a reversible propeller, is a very suitable outfit* 
and, provided it be in careful hands, such a motor 
need not reejuire an engine case. Needlas$ ti 
say, all ignition gear, etc., should be proviM 
with protecting covers, easily detachable. " 

^ In a small boat, where space is of importaiMi 
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,ijwtd with a two-stroke motor, whkh can be 
started with a turn of the flywheel; a clutch is 
not essential, though always a convenience. 

In a launch attached to a smart yacht, per- 
haps more than in any other class of open craft, 
dirt and oil cannot be tolerated ; therefore, un- 
protected chains and gear wheels must be 
avoided. There is no reason why oil should be 
thrown about at all by a properly-designed ma- 
rine motor, but proper guards and trays, with 
adequate provision tor keeping the latter clear, 
will entirely prevent annoyance from this cause. 

A 16ft. dinghy with a two-cylinder two-stroke 
niotor of about 4h.p, might be expected to weigh 
in the neighbourhood of 8c wt., and would, 
therefore, easily sling in davits of a fairly small 
yacht. The price would be about £150* accord- 
ing to finish and fittings, and the speed about 
eight miles an hour with five or six passengers. 

If greater accommodation and speed be re- 
quired, of course a more powerful motor must 
be installed in a larger boat. ' 

In this case it would be better to fit a three 
or four-cylinder four-stroke engine of a good 
marine type, having a normal revolution speed 
of not more than 800 per minute. In a 20ft. 
or 25ft. launch, where there is more available 
space, and in view of the fact that this type 
of motor does not so well adapt itself as the 
two-stroke to neat and compact construction, 
the motor should be housed in a protecting case, 
the top and all the panels of which should be 
Immovable. Reversing propeller or reversing 
gear may be fitted, but with a friction clutch in 
addition in either case. If the launch be re- 
quired for towing purposes, a solid threc-bladed 
propeller and reverse gear would be preferable. 

Many of the remarks in respect of beach boats 
concerning the sundry items of installation apply 
equally in the case of yachts’ launches and all 
other sea boats, and that soction should be 
read in conjunction with this. 

Of course the size and type of yacht’s launch 
will vary very greatly according to the tonnage 
of the vessel to which she is attached and the 
special requirements and fancies of the owner. 

A 25ft. launch with a beam of 5ft. 6in., and 
a 25 brake horse-power engine at, say 600 or 
700 revolutions per minute, will give a sustained 
speed of 11-12 knots, and this question of sus- 
tained speed must not be lost sight of, for it is 
quite different in value from the maximum speed 
that sometimes can be attained for a short time 
with skilful attention, with the gear and ship in 
A I condition. 

The boat will lift at something less than a 
ton, and it will be found that such a boat will 
tow a loo-ton yacht. 

Cabin Cruisers* 

In selecting a motor installation for a sea- 
going cabin boat other considerations have to be 
talceh into account. 

in the first place, it has to be remembered 
that one may have to live, if not in the same ^ 


cabin as the motor, at least next door and under 
the same deck. 

One of the first questions that will arise is 
in respect of the fuel to be used — petrol 01 
paraffin— and concerning which opinions still 
differ. The objections may be summed up in 
saying that petrol is unsafe and that paraffin 
is smelly and all-pervading. The root of the 
matter, however, is the same in both cases — 
faulty installation. Petrol is perfectly saf'^ if 
kept yvithin Ixiunds. If the installation of tanks, 
pipes, and joints is as it should be, the only 
leak can occur at the carburetter. There should 
be practically none there, but proj^er precautions 
for catching any overflow and draining or pump- 
ing it overboard (not into the engine tray) will 
obviate any risk from that quarter. 

The same applies to paraffin ; there should be 
no leak anywhere except, possibly, at the 
vaporiser. 

Still, there may be the risk of damage to tanks 
or piping where not adequately protected, and 
there will, consequently, always remain a pre- 
judice against petrol in a purely motor cabin 
boat. Also, there is the matter of expense of 
fuel. Therefore, we will assume a paraffin 
motor IS likely to be fitted. 

Now it is highly important that the engine 
should be able to use any commercial petroleum, 
from Tea Rose or Silver Spray to White Rose 
or Shale oil, but do not think of using crude 
or residue oil, as the latter can be best described 
as “unclean.” An engine that requires some 
special brand of oil will be a nuisance, for the 
shipyard or ship-chandler you knock up on Sun- 
day morning will most likely not have heard of 
such a brand. 

As for the engine itself, weight is not of para- 
mount importance; 5olb. per brake horse-power 
can be considered as satisfactory, but pure in- 
crease of weight does not always mean increase 
of general strength. The factors, which while 
increasing weight yet increase the stability and 
wearing qualities at a greater ratio, are increase 
of bearing surface through larger crankshaft, 
gudgeon pin, etc., through bolts and stays to 
take strains reacting from the piston, flanged 
joints for pipes, substantial levers and hand 
motion to withstand rough usage. 

Those factors which simply increase weight 
with no corresponding advantage are , heavy 
piston and connecting rods requiring heavy bal- 
ance weight, and greater strength of frame to 
withstand the inertia effect, thick water jacket 
and other “non-combatant’'’ parts, through a de- 
sire to substitute cast iron, which Is cheap, for 
accurate moulding and machining, which are 
dear, and extra thickness of metal in the frame 
owing to incorrect design. It must always be re- 
membered that lightness of reciprocating parts 
means a relief of strain on the engine, and there- 
fore piston, connecting rod, and crankshaft 
must be of good design and material, so that 
inertia of the moving parts is reduced as much 
as possible. 

A fairly heavy flywheel is desirable, as it tends 
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to steady running with a varying immersion of 
the propeller in a seaway, and so reduces vibra- 
tion and noise. 

Next to weight comes bulk, and in a ship 
bulk mast be measured by overall dimensions. 

When the motor is installed make an im- 
aginary rectangular box that will just fit over 
the engine with all the fittings, and the inside 
dimensions are the dimensions of the engine. 

In a cabin boat, however, it is, of course, not 
necessary, nor even desirable, to fit a case over 
the motor. , • 

The engine ^ould be snug, the lower part 
free from all appurtenances, and preferably it 
should not have anv delicate part of its me- 
chanism below the floor level, or even in line 
with it, for such appliances are out of sight 
when under the floor and are neglected, and if 
they are on the floor line every spanner or other 
object that carries away will fetch up against 
your magneto, carburetter, or whatever it may 
be. 

In a small craft one is apt to jostle the engine, 
so to speak, and the fewer delicate accessories 
that are about the better for all concerned. To 
come below in bad weather with wet clothing 
and to be rolled against a sparking plug is bad 
for both, and a little care and forethought on 
the part of the designer will obviate this. 

In an open boat which seldom goes far from 
home the motor can easily be removed for any 
major repairs or adjustments that may be neces- 
sary, but in a cruiser the case is quite other- 
wise. The motor is larger and heavier and is 
installed in a cabin ; therefore it is very desir- 
able that provision should be made for carry- 
ing out all but the most serious adjustments and 
repairs in place. This means a really accessible 
motor, with ample inspection doors, etc., but it 
also means — a matter that is frequently over- 
looked — so installing the motor in -the vessel 
that it can be got at. 

A reversing gear, with good clutch, and a 
three-bladed solid propeller are most suitable in 
this case. 

High-tension ignition cannot be recommended 
for this class of work, on account of the diffi- 
culty of recharging accumulators on a cruise, 
unless a dynamo driven off the engine be fitted. 

Auxiliary Motor Yachts, 

Mifch the same conditions apply in the case 
of the auxiliary yacht as in the cabin launch, 
but with this difference. In the latter adequate 
provision is made for the machinery, while in 
the auxiliary the motor is frequently regarded as 
of very secondary importance, and is relegated 
to a position which is comparatively unfavour- 
able, At the same time, a much smaller motor 
is usually employed, and, though it be stowed 
where it is difficult to work at, it can generally 
be lifted out bodily if necessary. Jhis, of course, 


applies to comparatively small craft; larger 
sels would be designed with a proper engiiie- 
room, and it is the former we are dealing with 
at present. 

Tlie type of engine may be four-stroke or two- 
stroke, though, seeing that the “ motorman 
is often the yacht’s boy, the latter mi^t he 
preferable. The propeller must be two-bladed, 
and visible marks must be made on the flywheel 
to enable the propeller to be placed in the ver- 
tical position behind the deadwood for sailing. 
A reversible type will be preferable, and with 
feathering blades for choice. A good clutch' 
must be provided, and this, as well as all con- 
trol of the motor, must be so placed that they 
may be easily operated by the helmsman, ensur- 
ing complete control of the vessel. 

It is not always realised how important it is 
in this class of work to have satisfactory con- 
trolling devices. If the controls are on deck, tKe 
person controlling the engine should be able to 
slow down or go astern without having to nurse 
the engine, so to speak. In fact, the engine 
should be able to take care of herself, whatever 
is done on deck. 

In larger vessels, where a proper engine- 
room is provided, adequate telegraph arrange- 
ments must be installed — and kept tn order. 
Never trust to a voice-pipe anywhere for the 
issue of instructions upon which the safety of 
your own or another vessel depends. 

Utility Craft* 

The requirements and suitable installations 
for commercial vessels generally are dealt with 
elsewhere in this book, therefore it is not neces- 
sary to go into the matter here. It may be re- 
marked, however, that the type and size of motor 
to be used and its method of installation will be 
based largely on particular circumstances in each 
case. In general it may be said that weight and 
space in a money-earning craft are of less im- 
portance than economy of fuel consumption and 
freedom from risk of breakdown. As the wages 
account is frequently far more than the ex- 
pense of fuel and oil, it is important, so far as 
may be practicable, to arrange for the motor to 
be controlled from the helmsman’s positiorij 
Mechanics are generally expensive, and, in other 
spheres than their own, frequently unhandy 
luxuries, therefore the motor should be as simple 
as possible and capable of being taken care of by 
a deck hand. 

In public passenger boats, including fetty 
boats, the motor should be so placed and pro- 
tected that it cannot be interfered with by the 
passengers, *'• 

In all craft where regularity of service is of the 
utmost importance, and in all sea-going craft, ’ 
twin screws, driven by separate engines, are 
very desirable, since a mishap to one will not 
incapacitate the vessel. 
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HINTS ON INSTALLATION. 


Next in importance to the correct and most 
e^Rcient construction of I he motor-boat hull, and 
the most desirable neatness of her lines, comes 
the installation of her power system : the relative 
balance of this and the general arrangement of 
the boat is of very great imix>rtance if the vessel 
is to do all her designers estimate for her. The 
installation of the prime mover and its de- 
pendants is often perfunctorily carried out, and 
as the smooth running of the engine so largely 
depends upon it, it is well to giv,e special atten- 
tion to the details emphasized herein, when we 
hope the results will more than repay the extra 
care. 

In too many instances the motor manufacturer 
has provided the boat-builder with the drawings 
of the motor he is designing, but before the 
engine is finished alterations are made which 
vitally affect the builder’s arrangements. Then, 
loo, the maker of the motor, unless he be a 
practical boating man, is apt to overlook the ac- 
cessories and details, provision for which has to 
be made after the construction is completed, and 
he is in such cases surprised that the hull cannot 
be altered to suit the machinery. 

For our present purpose we may divide boats 
roughly into two classes : those constructed with 
a slipper stern (Fig. i), and those with a keel or 
dcadwood stern (Fig. 8). 

Tail-shaft and Stern Tube, 

lb consider the slipper stern class first. As- 
suming that a drawing is obtainable showing 
the section of the boat, this should be carefully 
compared with the boat to see that the main 
dimensions are correct, such as width between 
bearers, position of floors, depth of frames, etc. 
It will be noted that two stations are marked, 
one forward at A, which should be at a distance 
(C) from the inside of stem. The vertical height 
(H) at A is measured from the top of the hog 


piece*, a small batten should be screwed actoss 
the top of engine bearers at this point, and a fin. 
hole drilled througJi exactly central between 
engine bearers, and at a height equal to H + 
iin. This height is increased by the Jin. 
to ensure the engine, clutch, etc., not being too 
low, as the tendency is always to work down ; 
for in all wooden boats it will be found that there 
is a slight sinking of engine, and unless it be 
carried on long angle irons and the weight 
well distributed it will be^fe to leave the engine 
a little high. ^ 

A small tin or steel plate with a i-i6-in. hole 
in it is then secured over the Jin. hole, so that 
the exact centre may be adjusted correctly and a 
fine piece of strong twine or steel wire put 
through and secured. The point (D) must now 
be sought on the drawing, and if the other 
dimensions have proved correct, as shown there- 
on, a small slot may be cut in the hog piece at 
this point, so that the wire may be pulled 
through and secured at the correct position (B) 
outside without touching the hole. 

Thi.s position is measured vertically down- 
wards from the outside of the skin of boat, and 
in a fore-and-aft direction (E) from extreme after 
end of boat. 

A wood bracket or piece of bent iron, or a com- 
bination of the two, is then secured to the boat 
to carry the end of the line (G) (Figs, i and 2 ). 

The propeller (or skeg) bracket (K) must then 
be shored up from the floor at the position shown 
on the drawing (Fig. i), and the line carried 
through it, passed through the small hole in the 
bracket and made fast. 

The line now occupies a position which will be 
exactly central through engine, clutch, shafting, 
etc., and the various positions to be occupied by 
flywheel, under part of clutch-case, engine-case, 
and couplings should be checked to make sure 
that there is suffleient clearance, bearing in mind 
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■01»at A copper tray will be fitted under the engine, 
and the flywheel should be at least tin. clear of 
It if possible, as otherwise a small quantity of 
Heater in the tray will touch it and be thrown all 
over the engine. It may be found necessary to 
pack the skeg (K) away from the boat to 



Fig. 2. 


make the centre agree with dimension- (B). If 
it can be done by setting the arms slightly, or by 
shifting it fore and aft, it will be better, provid- 
ing that in the latter case the distance between 
propeller boss and bearing is not too great. This 
distance should be about ^in. If there is a great 
distance here, it will tend lo increase vibration. 

If the bracket must be packed away, a neat 
wood chock cut exactly to the thickness must be 
placed under each foot and made tight with a 
jointing of equal parts of red and white lead, 
countersunk bolts being put in from outside and 
pulled up tight inside on washers or a platis it 
being usual to fit a strong chock of wood to 
receive them. 

The line may now be withdrawn and the stern 
tube fitted. The stern tube usually adopted for 
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be necessary to cut a template to fit over the 
Pndfer side, which will be shaped somewhat as 


Fig. 3, the line (A) will correspond with the 
end of the stern tube, and, if the template .be laid 
on the hog so that A is on the point arranged fpr 
the after end of tube to occupy, a line may be 
scrieved round and a hole carefully cut out so 
the tube beds down into it. Four bolts may now 
be inserted and the stern tube pulled down into 
position and the line stretched again, this time 
through the tube. The distance must now 1 ^ 
very carefully measured with a pair of inside 
callipers from the line to the inside of the tube at ’ 
each end, and from the line to the inside of the 
^keg bracket hole, and the tube and bracket ad- 
justed till the line lies dead tiuc and central in 
tube and bracket. When 
this is satisfactory the re- 
mainder of the holes in the 
tube flange may be drilled 
and the stern tube bolted 
down finally in po>sition, 
making a watertight joint 
with red and white lead. 

The propeller shaft, or tail- 
shaft as it is also called, 
can now be inserted, and if 
the foregoing operations 
have been well done, it may 
be easily spun round when 
in its proper position. The 
propeller is to be slipped on 
and nutted hand tight and 
the shaft pushed up till pro- 
peller boss is at the proper distance from the 
bracket. 

It may be well to mention here that if the 
shafting is to be removed from inside the boat 
an intermediate length must be fitted between 
the clutch and propeller shaft, so that the latter 
can bo removed without lifting the clutch. 

The omis-sion of this precau- 
tion frequently leads to vexa- 
tion and expense at a future 
date. In any case well-fitted 
^ l(x>se couplings are an- advait 
tage; they should be fitted 
with a feather or sunk key, 
and a cotter, as in sketch (Fig. 
5), and a very good job may 
be made by grinding them on 
with emery flour and water. 

If the tail-shaft is fitted with 
such a coupling, it can be with- 
drawn without disturbing any of the machineiy. 
So much for the stern tube and propeller shan. 

Bngiite and CIutcA, etc. 

We are now ready to instal the clutch and 
engine. Many makers now adopt .an excellent 
practice of bolting their engine and reversing 
gear to stiff angle irons; this simplifies linii^ 
up in the boat, as the clutch and engine being 
already lined up, all that is necesisary is to line 
. the after coupling of the clutch to the forwahl., 
-coupling of propeller or intermediate shaft. 

This is done bv dropping the clutch (or clutcSl 
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Afid engine if so fitted) on to the bearers so that 
the two faces of before*nientioned couplings are 
about fin. apart all round their circumference. 

In order to do this it will probably be necessary 
to plane or adze down the engine bearers so as 
to let the angle irons down till the coupling faces 
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art true. They may then be brought close to- 
gether (Fig. 6) and tested with a feeler gauge or 
steel rule. When they are at an equal distance 
apart all round, as felt by this gauge, and re- 
main so when the shaft is rotated by hand, the 
angle irons may be securely fastened to the wood 
bearers by coach or ordinary countersunk wood 
screws. 

If, however, the clutch and engine are separ- 



Fig. 7. 

ate, it will be necessary for the bearers to be 
about fin. lower than the bracket arms of the 
clutch and engine, this difference being made up 
with packing pieces of brass or hard wood. 

If a cheap job is desired, it will be enough 
to secure the engine and clutch as in Fig. 7, 
but a much better plan is to have a rough pat- 
tern made and cast some plates as Fig. 9. 
These may be either with a single boss as 
shown or with two or more of same centres as 
engine and clutch bolt holes. 

Stern Tube of Keel or Deadwood Stern 
Boats. 

The procedure in keel or deadwood stern boats 
is as follow's Referring to the builders’ draw- 


ing (Fig. 8). At the after or outer end of the 
b^t the transom is produced vertically down- 
wards to meet the line of keel, and a height of 
centre (C) is marked off on* this line. 

A batten should be secured across the engine 



Fig. 9. 


bearers at forw^ard end (Fig. 10), as before de- 
scribed, to which one end of the line is attached. 
If there is no hole already in the deadwood, the 
position of shaft centre must be marked off on it 



Fig- 10. 


from the drawing, and a hole put tlirough with 
an auger, taking care to bore it true with the 
centre line. This may be more easily accom- 
plished by boring from each side of dead- 
w'ood, when, if the 
holes do not meet quite 
fair, they may 'be 
opened out true with a 
boring bar. Having 
now got a hole right 
through, the line may 
be stretched through it 
and through a hole in 
a batten nailed to the 
transom, unless the boat is built with a per- 
manent rudder post, when the line may be 
secured to that. It must be noted thatowhen 
pulled taut the line passes through the hole with- 
out touching anywhere, and its distance from 
the bottom of the boat frames is checked by the 




Fig. I.—Eed boat with deadwood atenu 
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drawini;:, to see that there is ample clearance for 
flywheel, coupling, engine casing, etc., and that 
there is sufficient room under the counter for the 
propeller to clear freely. If all is correct, two 



FIs. 12 . 


circles (Kig. ii) should be drawn on the outside 
of the dead wood, one the exact size of stern 
tube, the other for reference when boring the 
hole. The line can now be withdrawn and the 




boring bar (Fig. 12) inserted. This is a bar 
of mild steel of about lin. diameter and 8ft. 
or loft. long, according to length of dead- 



Fig. 14 . 


the other end being carried in a bracket (Fig, Iij^) 
secured to the stern-post. At intervals of about 
Sin. are slotted holes, and into a convenient one 
of these is inserted a cutter (A) and wedge (B), 
the space in bracket allowing of this being 
easily adjusted. It will now be seen that on 
the wheel handle being rotated the cutter wall 
gradually traverse the deadwood, boring out 
a clean hole parallel to centre of bar. This 
is repeated until the hole is large enough for 
the stern tube to be tapped home with , a 
wooden or lead 
hammer. The line 
is then again 
stretched through, 
and if everything 
has been carefully 
carried out it will 
be found to be ex- 
actly in the centre 
of the tube at each 
end. The shaft 
may now be push- 
ed in* and propel- 
ler nutted on, and 
the desired clear- 
ance allowed be- 
tween boss and 
stern tube. The 
clutch and engine 
may then be drop- 
ped in and lined 
up as already de- 
scribed in treating 
of slipper stern 
boats. 

Piping Md Wmter 
Circuimtion. 

The holes in the 
boat’s skin may 
now be marked 
off and fittings in- 
serted and wire 
templates taken off 
for copper pipes. 

The joints for these are most easily made by 
belling out the ends and having the union and 
nuts coned as in Fig. 15; another and better 
method is to braze a ring on to the end of the 
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wood. It is screwed at one end for about 
3ft., at 10 or 12 threads per inch. This end 
funs in a suitable nut (Fig. 13) carried on* a plate, 
which is screwed to a stout temporary batten, 


pye, as in rig. 10. The pipe union joint 
^pted in Admiralty practice is shown in 
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Jn small boats it is hardly necessary to flt a 
j«W-cock on the circulating water inlet, but ff p 
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filtliig similar to Fig. i8 is used, on^e of th^ 
untoft Joints or a suitable cock may be screwed 
into it. In either case a strainer plate should 
be fitted over the hole to keep weeds or refuse 
from choking it up. This may be a thin copper 
or brass sheet disc belled out in the middle to 
at least jin. The same fitting as inlet may be 
used for outlet overboard. It is usual to fit the 



Fig, 18. 


inlel nearly on the bottom of small boats and 
the outlet about 3in'. above the water-line; the 
discharge water can then be readily seen and 
its temperature felt by the hand. 

Another method of fitting the circulating inlet 
is to fit a copper or galvanised iron tube right 
through the bottom of the boat (Fig. 19) earned 
up to sufficient height above water-line to pre- 
vent shipping any water when the boat is roll- 
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ing* To further ensure this a cap is fitted to the 
top of the tube. A stiffiemi^ plate is riveted into 
the tul^, into which is screwed the connection 
to suction pipe of pump; and over this hole on 
the inside of the tube is fixed a perforated 
strainer plate. It will, therefore, be seen that 
if any weeds, etc., got in and choked this guard, 
they would be easily poked away with a stick 


from the top. Another arrangement is Illus- 
trated on page 157. 

In steel boats the circulating inlet is riveted to 
the hull, the joint being made with red lead 
paint. It will be noted (Fig. 20) that^it has a 
spigot turned on it, which should be just tlie 
thickness of the hull plating. It is shown screwed 
internally for a code; but may be screwed out- 
side or a short piece of pipe or bend used instead 
as circumstances require. 

For all sea-going boats it is advisable to fit 
a bilge pump; if a large boat, it should be ar- 
ranged to drive from the engine, but a hand 
pump is all that is necessary in small ones. 
The suction pipe should be carried to the lowest 
part of bilge and the end either closed up and 
saw cut or carried into a strainer box of gauze 
wire or perforated plate. The delivery pipe 
should he carried through the boat’s side, some- 
where very near the water-line; the dirty water 
from the bilge vvill not then trickle down and 
leave a dirty mark. 

QeneraL 

It is essential that the wood engine bearers 
should be carried well fore and aft^ to ensure 
the weight and work being well distributed over 
the boat. This is particularly necessary in 
slight racing boats, and in all cases it will 
minimise vibration. The engine bearers should 
be secured by copper bolts right through the 
planking and with the ends well riveted over. 
Two or three knee^ should be fitted outside the 
bearers and the two well tied together in two or 
three places under the engine, as may l)e con- 
venient. 

In the case of steel boats the bearers are made 
continuous fore and aft, worked into the hull, 
and secured by angle irons where passing 
through bulkheads ; and aKo well tied together 
by intercostals. 

Fuel Tank, 

This should be made of not less than 16 gauge 
copper, the seams and ends being tinned and 
riveted — pitch of rivets about fin. In large 
sizes internal stays and wash plates must be 
fitted, having large flanged palms sweated, not 
riveted, to the inside of the shell, so that, in the 
event of the side collapsing, there will be no 



Pig. 21. 


leakage at strained rivets. The strongest shape 
for a tank is round, the next best is oval, and 
this form has the advantage of depth, when 
fitted under the deck forward, for gravity feed. 
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A tank fitted in this position must be secured to 
turtle deck (Fig. 21) by straps (A) and wood 
chocks (B) cut to fit closely to the tank. 

In this case the bottom of the tank should 
be at least gin, above the level of the carburetter, 
and more if possible, for if the boat is down 
by the head and the supply of petrol is low in 
the tank it will not run down to the carburetter. 

It is very important that the tank should be 
strongly secured, that it may not work or break 


This is the sump or drain, arul serves as a cot* 
lector for any water in the ^roli wkich nrdy bcT 
drawn off from time to time by a dram cock in 
the bottom (D). 

EE are two facings about Jin. thick, and are 
tapped to receive the petrol supply cock (C) if 
gravity feed is employed. An illustration or a 
type of spring-backed plug cock is given in 
Fig. 23, and another form of fuel tank drain is 
shown in Fig. 38. 



Fig. 22. 


loose when the boat is pitching in a seaway, a 
sure cause of leaky joints and broken connec- 
tions. The only obieclion to the forward posl- 



Fig. 23. 


tion is the change of trim as the fuel is used, 
but this may be compensated for by a second 
tank aft. 

The tank (Fig. 22) should be fitted with a re- 
ceptacle (A), which may be a casting or worked 
^ out of copper. 


For convenience in leading the supply pipe to 
either side of boat as may be necessary, a facing 
is fitted on each side of the sump, and the one 
not in use may be plugged up. 

Sweated into the end of the supply oock is a 



Fig. 24. 


piece of copper tube, having its end soldered 
up solid and with a number of very fine saw 
cuts in it to prevent the entrance of dirt. 

F (Figs. 22 and 24) is a gauge wire strainer for 
fifliing, and consists of a frame of stout wire 
sweated into a flange (L), which drops into a re* 
celts in the filling connection (M). 
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G Is A cap with deeply milled rim, which can 
be easily c^rasped with cold or wet hands. 

The filling connection (M) is made of sufficient 
length to reach through the deck so that the 
cap may be easily removed from outside, a neat, 
tight-fitting brass ring being screwed down on 
deck round it to make all watertight 

A small vent (V) is drilled through the cap to 
admit air, and care must be taken that this is 
kept free, as if it becomes choked a partial 
vacuum will be formed and the fuel will not 
run- down to the carburetter. (N.B. — When 
pressure feed is employed, the vent hole must 
not be drilled.) 

Another arrangement of filling pipe and 
strainer with deck connection is illustrated in 
Fig. 40. 

It is an advantage to have a gauge glass 



Fig. 25. 

fitted, but when this is done it must be very well 
secured to prevent any risk of leakage. If the 
round glass pattern is used, it may be made 
tight by packing the glands with soft cotton 
and soap well rubbed in. 

A gauge glass of the Klinger type is prefer- 
able, and may consist of an oval facing (K) (Fig. 
22) riveted to the tank and tapped to receive the 
securing screws which hold the outer rim and 
plate-glass; it should be at least Jin. thick, and 
the joints should be made with thin brown paper 
and soap.v It is important that the facing 
should be filed and scraped true before attempt- 
ing to joint up, otherwise there is sure to be 
trouible from leakage. 

If pressure feed is to be employed, the two 
Jiolcs (EE) must be plugged up and an internal 
pipe (H) led down into the tank, the bottom 
end being solid and having saw cuts as before 
but they should only be carried as high 
bottom level of the tank, or it will not I 
eible to use all the fuel therein. The area of all 


these slots should be made at least equal to that 
of the pipe. 

Into the plug at the top of this pipe is screwed 
a bend (J), which in its turn receives a cock. 
A similar connection on the other side of tank 
receives the pressure supply pipe, into which 
there should preferably be fitted a relief valve 
set to blow at about 51b. per square inch. 

The pressure may be obtained from the engine 
exhaust by means of a non-return valve, ^but 
it is preferable to have a small air pump 
worked off the camshaft or crankshaft. In 
either base the pressure must initially be obtained 
by a hand pump, and a cycle pump answers as 
well as any. 

Fig. 25 illustri*tes a combined pressure non- 
return and relief valve for use in conjunction 
with the pressure supply to the fuel fe^ tank. 
A pipe is led from the exhaust system to a double 
cone connection (M), between the two parts of 
which is fixed a fine gauze screen (WG), the 
object of which is to prevent the possibility of 
flame from the exhaust passing onwards to- 
wards^ the fuel tank, (Where air pressure is 
used instead of the exhaust, this fitting, of 
course, is not required.) The exhaust is then 
led to the valve box, entering beneath the spring 
loaded non-return valve 
(A). No adjustment of 
the spring (S) is re- 
quired, provided it be not 
too strong, since its only 
function is to assist the 
valve in closing. Hav- 
ing passed the valve (A), 
the gas is led away 
through the connection 
(O) to the top of the fuel 
tank. Above the non- 
return valve, and in the 
same box, is a spring- 
loaded valve (C), which, 
by means of the screwed 
spindle (R) is set to lift when the pressure 
desired in the tank (from 2lb. to 51b.) is ex- 
ceeded. The gas then escapes through the 
orifices (P). Provision is made for turning the 
valve on its seat when desired to keep it tight. 

Where a large supply of fuel has to be carried, 
or where the construction of the boat makes it 
impossible to carry the tank under the turtle 
deck, it may be placed under seats or lockers, 
and the fuel either pumped up into a smAll 
gravity tank, or pressure feed may be resorted 
to. In all cases it is of the utmost importance 
that the tanks should be thoroughly tested to at 
least I2lb. per square inch water pressure. After 
testing, alh water should be drained out and the 
inside well rinsed out with paraffin. 

Large Powers. 



ment. If the fuel tank is situated in the same 
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as the motor, special precauQoos 
may be desirable if usin^ petrol. In America it 
IS a practice in many such craft to fit a double 
bulkhead round the fuel tank and fill it with 
water, but extra care must then be taken to 
prevent any water leaking in at connections and 
Joints, and it will be found best to resort to pres- 
sure feed. In some cases the tank may be fitted 
on deck, but this does not commend itself. 

CirculBting Water. 

Water is led to the circulating pump by a 
strong copper pipe of suitable size, and the posi- 
tion of tne inlet fitting on the boat’s bottom 
will depend upon where the pump is located on 
the motor. If a cock, as shown in Figs. 26 and 
27, is used, it should be kept some way up the 
side, as if the boat is in very shallow water or 
lying on the mud, the strainer (A) (Fig. 18) and 
inlet will not become choked with mud, and there 


overboard from each cylinder; but with any 
other t3rpe of boat, some kind of silencing ar» 
rangement is essential. If a funnel exhaust is 
fittM, it should be made long enough to keep 
the gases out of the steersman’s or driver’s face. 


( W«CII Kill, 
k '•dm PiMi* 



Fig. 21: 

In the case of pleasure or cruising boats, the 
exhaust is now nearly always water-cooled be- 
fore being silenced, and many makers water- 
jacket the collecting branch on the motor. 



Fig. 21. 



Fig. 27. 


will be less tendency for sand to be drawn in. The 
cock handle should be below the flocw boards, 
and a hand hole cut for access to it ; it will then 
be protected from a chance kick. It is desirable 
that the circulating pump should have a positive 
drive,* not friction off the flywheel. The pump 
spindles should be properly lubricated, and the 
wheels and spindle made of phosphor bronze, 
preferably running in white metal bushes. All 
risk of seizing up will then be obviated. 

The circulating water, after passing through 
the cylinder jackets, is generally earned into a 
water-cooled exhaust receiver (Fig. 27), or, if 
not thus fitted, into the water-cooled pipe (see 
notes on “ Exhaust ”). 

Exhaust. 

If the noise^is not objected to, as in racing 
boats abroad, the pipes may be led separately 


Although this entails a rather expensive casting, 
it is the best method and ensures a cool engine- 
case. After the gases have been reduced in tem- 
perature in such a branch, they may be led to a 



dpuble copper pipe (Fig. 28), the inner one be- 
ing of stout gauge, say, 8 or 9, and the jacket 
about 16 or 17. The gases then pass into the 
silencer (Fig. 29), and thence overboard. For 
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other forms of silencer see chapter on 
Silencers/* 

The pipe from silencer overboard may be of 
steel, in which case it is screwed into a flanged 
connection (Fig. 31) on the transom. In slipper 
stern boats, and where the pipe is led out under 
the counter, a copper pipe may be preferred. In 
this case a complete turn, or a U ben 4 should be 


Fig. 80. 

taken to prevent risk of water passing back into 
the silencer. 

When the silencer is placed right in the stern 
of boats with a rising floor, it may be secured 
in brackets as shown in Fig. 30, the same 
method, with modifications in the form of the 
brackets, holding where fhe silencer is placed 
in other positions. Strips of asbestos sheet 
should be placed between the straps and the 
silencer, or the straps themselves may be wound 
with asbestos rope, but in any case the silencer 
must be held securely to prevent any chance of 



Fig, 31. 


Us shaking loose or cutting through the asbes- 
tos with vibration. Asbestos pads may also be 
placed under the feet of the brackets, but if there 
be any chance of water lodging here, they must 
be well protected with paint, for asbestos rapidly 
deteriorates in water. 

For joints of exhaust pipes or branches on the 
motor itself, asbestos may be used. Klingerit is 
excellent in all places for jointing, but in every 
case care must be taken that all flanges are 
square and well faced before inserting joints, 
and then no trouble will be experienced after- 


Wards. A little extra care at the beginning wilt 
be well repaid. When running the motor for ftie 
flrst time after being installed, all bolts and nuts 
of these joints should be tightened up when 
warm. 

Petrol Pipes. 

Fuel pipes must be at once out of the way of 
damage and easily accessible. It is necessary, 
for compliance with the Thames Consprvancy 
regulations, to fit an expansion joint or a couple 
of turns in the pipe near the tank and at the 
carbur^etter. These turns must be made hori- 
^:ontal, or there will be a risk of air locks in the 
pipe. 

Most boats are fitted with a bulkhead at the 
forward end, behind which the petrol tank is 
stowed. The pipe is led to the boat’s side, and 
thence down below the floor boards and aft to 

ficHcw im** fU/inr Box 
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Fig. 32. 

the carburetter, a slot being cut in the floor 
bearers to receive it. A batten may be fixed 
across in front of the pipe to protect it, and if 
the locker is used for stowing the anchor 01 
heavy gear, it is well to case in the pipe, or the 
tank may be completely boxed in, leaving only 
a hand hole for access to cock and a slot for 
I>etrol gauge. 

If possible, the iuel pipe should be all in one 
length, but if this cannot be arranged, the joint 
or joints must be in an easily accessible posi- 
tion ; they are best made with unions securely 
sweated to the pipe (Figs. 15, 16, 17), with 
as few bends as practicable, and those which are 
inevitable should be of large radius. AH risks 
of fire must be carefully avoided, for it is nearly 
always due to leaky pipes or joints that fire 
occurs. The fuel pipe must be well annealed 
after being bent to necessary shape ; this is done 
by heating to a blood-red and plunging into 
water; of course the ends or parts sweated to 
connections will not stand such treatment. 

A drain or water trap should be fitted on the 
petrol supply pipe near the carburetter to collect 
any water which may come from the tank with 
the petrol. There are several arrangements 
with this object, the one illustrated in Fig. 3a 
being intended to screw on to the float chamber 
of the carburetter. 

On no account should lead, iron, or lap- 
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^ permitted ; only best solid drawn 
<n at leas^t i6 eauge should be used, and 
all lOints, cocks, and connections shouM be 
tested thoroughly when fitted. If the union 
connections shown in Fig. 15 are used, the pipes 
should be scraped to a ^ood joint, when coned 
out to receive the cone ; it is not enough to de- 
pend upon pulling up with the nut. 

Lead washers must be avoided in pipe services, 
as they squeeze out and obstruct the passage of 
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omafnentaH must aerve to protect engines 
from the weather, and also to mufiSe dbe sound 
as far as possible. 

The wood used may be the same as tim boat; 
mahogany or teak are the bast, and should have 
three coats of best boat varnish. Metal is not 
satisfactory, and a metal case is more difiicult 
to construct than a wooden one. 

In each of the forms of motor casing ifliw- 
trated it will be seen that the sides are en- 
tirely composed of louvres like a Venetian shut- 
ter, whilst as to the casing shown in Fig. 33 
(side and end elevations), each of the four si*^S 
may be removed separately if desired to give 
free access to any part of flie motor. 

The first example is built of mahogany or 
teak, and is very similar to a yacht skylight 
in its general form at the top, as, like a sky- 
light, it has two hinged fiaps, one on dther 
side, glazed with stout glass and protected with 
brass rods in the usual manner. The in^de of 
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petrol or water, and as long as the joint re- 
mains tight the trouble is not sought there. 

Soap is invaluable for stopping petrol leaks, 
and may be used with thin brown paper for 
making joints. 

Eagine^case. 

Unless the engine is placed in a cabin or 
decked in, it is desirable to have a stout case all 
over it. This may be semi-portable — that is, 
the stiles or corner pieces may be screwed to 
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the beams, and the after end permanently fixed, 
as it usually carries control brackets, levers 
switches, etc. 

The sides should be portable, and should be 
held in position by buttons or hooks. 

Ti^ general design of the engine-case will 
depend upon the work that the boat has to do. 
If for pleasure purposes, it must be neat and 
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Fig. 36. 

the casing near the exhaust piping and silencer 
is lined with stout asbestos board to prevent 
the heat damaging the wood. 

Another variety of this style of casing speci- 
ally designed for river boats is the one shown 
in Fig. 34. This merely differs from the kind 
just described in having the elass top in the 
form of an arch, the whole of which is hinged 
on one side and can be turned over to get at the 
motor. Like the previous one, the sides are 
fixed and the whole case must be removed 
bodily. It forms a very handsome casing, but 
the curved glass arch naturally renders it rather 
costly. 

35 shows a light sheet metal case very 
similar in design and construction to an ordi- 
nary motorcar bonnet, except that for marine 
purposes it must be made of brass or copper 
instead of steel, unless the latter is galvanised. 
A galvanised steel casing, by the way, looks 
vm well if it is neatly mounted in brass. 

On the whole, a metal casing is not so sh^- 
rtiape or so g^erally sttisfactorv as onf^ hr 
not ortfir bhcatiee ft Is jnore likely to rattle 
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in a seaway, but chiefly because it is much 
more susceptible to damage from a chance blow 
^an would be the wood casings, which would 
only show a scratch, whereas an equal blow 
would probably dent the thin metal. 

All three of these motor covers are quite effi- 
cient and can be relied on to keep off wet and 
dirt, whilst, with regard to cost, the galvanised 
steel and the plain wooden covers without glass 
would probably be the cheapest, the cost of the 
others being regulated bv the quality of the 
wood and me amount of labour expended on 
them. 



rig. 37 . 


Details of the Engine-case. 

To deaden sound, the inside, after being 
painted, may be lagged with thick felt and 
covered with asbestos held in position round the 
edges with thin strips of brass about |in. wide 
screwed through to the wood. If this, although 
very effective, appears too costly, asbestos mill- 
board or uralite can be substituted. The case 
should be made as large as the boat will allow 
to give free access to all parts of the motor. 



fig. tank sump or dram. 


Nothing is more annoying than trying to tighten 
a remote nut when the casing is in the way of 
the spanner and. hand, while the boat is pitching 
about in a seaway. The lid, in small motor 
cases, may be flat and will serve as a table. 

In larger cases, however, a ridge piece should 
be fitted across the centre fore and aft, as in 
Fig- 36* and two flaps hinged to it, waterways 
being provided in fhe ridge. A strong dcybble 
hinge may then be placed across the two flaps, 
which will minimise the risk of their being 
brokenf. The whole should be made as readily 
removable as possible. The forward end and 
two sides may be taken away in one piece after 
the ridge piece is removed. All parts should be 
screwed together with cup-screws (i.e., screws 
whose heads fit into small brass cups let into 
the wood). 

It will be necessary to ventilate the case ; this, 
may be done by a number of holes bored in the 
ends or sides, or, better still, holes may be cut 
out and brass ventilators fitted, their position 
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Fig. 39. 

depending upon circumstances. If a very hot 
exhaust pipe has to be reckoned with, one or 
more ventilators may be inserted in its neigh- 
bourhood. 

Where high-tension ignition is employed, it is 
a good plan to fit the coil and battery in boxes 
inside the" case (see Fig. 37), having two small 
battens at bottom for the coil to rest upon, and 
small holes for the draining away of any water 
which may accumulate. This will ensure the 
better protection of coil from wet and short cir- 
cuiting. The wires may be led into a rubber 
or fibw tube which is jointed into the box. 

Bilge Pump, 

For sea-going boats it is very important that 
a pump should be fitted to work off the engine ; 
a small plunger pump or a semi-rotary is often 
used. If a |>ump of the latter type is em- 
ployed, the driving lever may be made detach- 
able, and the pump worked by hand when the 
engine is not running. 

The suction must be carried into the lowest 
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part of bilge and well protected with a strainer, 
closely fitting to bottonl of boat and provided 
with a lid (Fig. 39). The end of the pipe should 
be plugged up solid and saw cuts made in the 
under part. 

Too much stress cannot be laid upon the bilge 
pump installation being as complete as possible, 
as water rising and touching the flywheel will 
be thrown all over the engine and lead to short 
circuiting, besides the extra weight of water 
seriously impeding the boat. 

To prevent this, it is advisable to fit d case all 
round the flywheel. It can be made in two 
halves, the lower being made watertight, so 
that in the event of water rising it will not 
reach the wheel. A two-way hollow bottom cock 
may be fitted, with one pipe leading to the bilge 
and the other into engine tray. 

The floor boards should all be removed before 
the trial trip, and at frequent intervals after- 
wards, and all dirt, waste, chips of wood, etc., 
removed. 

Rotary pumps are not suitable for bilges, as 
they are very liable to become choked. In the 
case of large boats, it is well worth fitting a 
weed box in addition to the strum (A, Fig. 39). 

This is a cast-iron box having a loose per- 
forated plate fitting inm grooves in the sides 
of box, the dirt, etc., being deposited on inlet 
side. The cover is easily removed by unscrew- 
ing the handle and lifting off lid. The joint is 
made airtight by indiarubber let into recess in 
top of box. 

The Bngiae Board. 

An extremely useful feature in the perfect in- 
stallation of power in a motor boat is unquestion, 
ably the engine board — almost equivalent to, and 
even more useful than, the dashboard of a car. 
Wherever it can be employed it will be found to 
simplify matters and to “ clear up^’ the boat 
considerably. It is best placed either on the 
after end of the engine casing, if the casing be a 


fixture, or else be erected at the rear end of the 
engine at a sufficient distance to allow it to be 
made a permanency and yet not to interfere .with 
the accessibility of any part of the mechanism. 



Fis. 40.-'Fael tank filling fitting. 


This is not always easy to arrange, but it is 
well worth striving for. On the engine board 
should be fixed a box for the accumulators and 
the coil, the oiling apparatus, the quadrants for 
the engine controlling levers, and any instru- 
ments and devices that belong to the mechanism 
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Of are fancied by ihe owner. To have the igni- 
tion apparatus on such a board Is a gr^t con- 
venience, as it saves the batteries being stowed 
in a locker, it shortens the wiring and thus re- 
duces short-circuiting troubles, and usually with 
a well-fitting and watertight box the component 
parts are much better protected from damp. 
The board is a fit and proper place for all levers 
controlling the engine, and snorter connections 
are entailed, whilst greater efficiency in the con- 
nections is more easily secured. Boxes for tools 
in frequent use and for hand-oilers, rags, a flask 
of methylated spirit, etc., can usefully form the 
lower portion of the board. The engine board, 
in fact, has the happy advantage of bringing a 
number of contributory details of the petrol 
motor to a focus, whereas, without it, they are 
apt to be distributed, with the result that they 
are often rendered less accessible and are seldom 
so advantageously placed out of harm’s way. 

Controlling Arrangements, 

In connection with the matter of engine con- 
trol, the actual control of the boat itself might 
be considered. It is essential that when the 
boat is being designed every care should be taken 
to bring all the controlling gear within easy 
reach of the helmsman, who will probably be en- 
gineer as well, except in the hign-powered rac- 
ing boats, which must carry a regular engineer 
in addition to the helmsman, although even then 
the helmsman should have control of the cfutch 
and reversing levers. 


1 

It te, therefore, most imfMJrtant that the 
helmsma[n*s seat should be m placed that he Is 
alongside the after end of the motor, with clutdb 
and reversing levers close to his hand or foot, 
and with the steering wheel slightly to one side 
of the motor casing and right in front of his 
seat. It is usual to place the wheel on the port 
side of the boat alongside the motor, with ^ 
helmsman’s seat close abaft it, so that he oanjgfet 
a clear^ look-out along the port side of the boat^ 
which is, of course, the side next to all the boats 
she meets. For this reason the forward position 
of the motor in the boat lias much to recom-^ 
mend it, on account of the clear look-out ahead 
obtainable from the seat alongside the ffiOtor, 
as, with the passengers aft, the man in charge is 
not obKged to spend half his time trying to peer 
round the shoulder of someone sitting just in 
front of him, especially as it seems impossible to 
persuade the average passenger that one can 
neither see through him nor steer without a 
clear view ahead. 

In cabin cruisers it is usual to arrange the 
control fittings on the after-cabin bulkhead. 
Fig. 41 illustrates a good typical arrangement 
(as installed in the converted lifeboat ** To- 
moy6 ’'), which, however, must, of course, be 
modified in other craft to suit varying condi- 
tions. In any case, and for a sea-going vessel 
particularly, provision should be made, by a wea- 
thering board or otherwise, to protect switches 
and such-like parts. 



Iiantorlu IV.,” one of last year's racing cruisers with a geared*down propeller, 
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INSTALLING A MOTOR IN A SMALL BOAT. 

A Praq$icmi C bmp tar tor Novicms. 


There are many who would join the brother- 
hood of marine motorists but for the expense in- 
volved in the purchase of a complete motor boat. 
It Is true that small and low-powered launches 
can be purchased very cheaply now, and second- 
hand craft more cheaply still, but, after all, 
there is a certain satisfaction in equipping a 
boat for oneself. 

There will be many who would do it if they 
knew just how to go about it, and this article, 
detailing the particulars of an actual conversion, 
is intended to afford that information. 

The boat converted was not of a design 
that one could call especially suitable^ for the 
purpose, but this fact serves to emphasise what 
can be done in the way of converting quite an 
ordinary craft, such as any man who does a 
little boating may already possess, into a very 
pleasurable motor dinghy. 

The boat in question might be termed a skiff, 
dinghy, and was built for work in a harbour; 
consequently, it is somewhat heavy. The length 
is 13ft., beam 5ft., and draught i8in. She is 
clincher built of elm. 

Her lines are as shown in the body, sheer 
and half-breadth plans (Figs, i, 2, and 3). 

There was one feature about the boat which 
saved a lot of trouble with regard to the fitting 
of the necessary stern tube for the propeller 
shaft — the sternpost and dead wood were of 
sufficient thickness already to admit of the re- 
quisite stern-tube hole being bored, thus obviat- 
ing the necessity for fitting any reinforcement 
in the way of side cheeks on the sternpost or 
a block at the stern within the hull, a method 
sometimes adopted when the sternpost is less 
than 2in. in thickness. 

* A Suitable Engine, 

The first step after deciding to instal a motor 
in the boat was to look about for a suitable en- 
gine, bearing in mind that a power of from 2J 
to 34h,p. would be about the best for the type 
of boat in question. 

Now, the draught of the boat greatly affected 
the choice, more particularly for the reason that, 
not desiring to aad to the keel to prevent the pos- 
4tt>ility of grounding on the propeller, it was 
essential that the propeller should be of small 
^unteter. 

would, consequently, have to make a 
fairly high number of revolutions per minute, 


the pitch being moderate in order to ensure the 
engine being easily started, since it was Ae 
intention, for simplicity’s sake, to couple the 
engine direct to the propeller shaft without any 
gearing down or free engine and clutch. 

Of course this meant that a reverse would 
have to be dispensed with, but it is the writer’s 
experience that in a small boat one does not 
require to go astern under power. 

A small propeller, to be effective, ttiust re- 
volve at from 800 to 900 revolutions per minute, 
fortunately about the speed at which many small 
^trol four-stroke engines are designed to tun 
economically, thus admitting of tl^ possiMli^ 
of selecting a suitable motor from the mitcef- 
laneous sales columns of “ The Motor Boat ’’ or 
other motor Press. 

The engine for the purpose must have a waiter- 
cooled jacket and head. 

There are one or two motors especially well 
adapted for use in a boat of the size mentioned 
on the market of 3h.p. or 4h.p., and designed 
for marine work. If cost, however, is a prin- 
cipal consideration, it would probably be better 
to select from the columns of one 01 the mofer 
papers, as the writer did, a good second-hand 
water-cooled motor of the desired ^wer and 
number of revolutions by a maker of repute. 

It is most essential before settling unon any 
particular make to be sure that it is suitable to 
receive the necessary attachments or brackets fqr 
securing it properly to a substantial wo(^ b^, 
which has to be fitted for its reception in the 
boat. 

Either have the engine on approval or, If a 
new one, obtain drawings showing a plan^ front 
and back elevations, and side views. 

You will then be able to see, among other 
things, at what height above the floor the bentre 
of the driving shaft will come. 

Do not cut the space under the engine too 
fine, or the bearers of the bed will come out 
small and weak and make the whole less get-at- 
able. s 

In the case under description, the engine 
purchased being one not originally designed for 
boat propulsion, angle brackets were required 
for attachment to the bed, and they were de- 
signed as shown in Fig. 4, and cast in iron'—, 
two from a right-hand pattern and two from a 
left-hand one. 

Anyone installing a motor in a boat, however 
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Fig, 2.— Sheer Plan. 


humble, may be recommended to prepare 
drawings showing longitudinal and cross sec- 
tions at the after end of the boat, the sections 
being one at the proposed centre line of the en- 
gine and the other at the transom. 

The engine purchased can then be drawn out 
carefully on these sections, and the best position 
for installing the motor can immediately be ar- 
rived at. 

Position in the Boat, 

A word about the best position will not be out 
of place here. 

In a craft that is likely .to be suitable for con- 
verting there is generally, perhaps, but one posi- 
tion in the sternpost where the propeller shaft 
could be put through, having due regard to the 
draught of the boat and the diameter of the pro- 
peller. 

Using this point as a fixed one on the after 
face of the sternpost, and the centre of the motor 
shaft (after end) at the lowest level at which 
sufficient clearance can be obtained, the line join- 
ing these points will give the correct run of the 
propeller shaft throughout. 




Pig. S.— Body Plan. 

With due regard to the points before-men- 
tioned, the lower the engine is the better, as it 
will permit of better lubrication, the crank case 
and cylinder then coming out in a more vertical 
position. 

If a Hookes ’s or Universal joint between the 
engine and propeller shaft be employed, the 
former could be installed in a perfectly vertical 
position, which is, of course, better, but in the 
case under consideration such was not used, 
and, with due thought and care, very 
little declination need be given, as 
shown in the illustration of the actual 
case in Fig. 5. 

The Engine Bearers, 

Having fixed upon the line of the 
propeller shaft, the wood bed, or 
bearers, should be prepared. Teak is 
a very good timber tor this, and if 
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the reader will look at Fig, 6 he will under- 
stand far more readily than from a written de- 
scription exactly how the bed in this instance 
was framed, and the type can be taken as a 
good one to adopt in general for almost any 
case. 

TJ;ie scantling employed is 4in. by 2in. teak 
framed together with fin. diameter coach 
screws. Directly upon the keel a piece of teak 
4in. by 2in. extending from the sternpost to the 
forward end of the engine bed was secured by 
Jin. diameter coach screws after bedding it in 
white lead. 

Upon this fore and aft piece the frame was 
secured by further coach screws. Steadying 
blocks at the sides were interposed between the 
hull planking and the frame, insulated from 
vibration by stout sheet rubber. 

The top of the motor frame is given the same 
declination (worked out as before described) as 
the propeller shaft, the height of the bed being 
previously determined on the drawing of the 
cross section of the boat, and, perhaps as a 
check, in the boat itself by means of a card- 
board template, or pattern, of the crank-case 
and engine cylinder outlined. 

TAe Stem Tube. 

When the bed is fixed, wood or sheet iron 
guide plates should be temporarily secured for 
steadying the long auger that must- next be 
used for boring the stern-tube hole. One of the 
guides should be fixed as far forward as possible 
and the other as far aft 
as convenient. Each 
must have a hole in it 
to ^dmit the auger 
shaft, which should be a 
fair fit. The centre of 
each of these holes has 
to be on the centre line 
of tfie propeller shaft. 

Without further ex- 
planation it will, no 
doubt, be readily seen 
that, by this contriv- 
ance, absolute accuracy 
is ensured in performing 
an otherwise difficult 
job. If the hole for the 
reception of the stern 
tube is not bored truly in 
the first instance, no end 
of trouble is incurred in 
installing the motor cor- 


rectly* The inevitable remit will be trouble 
from hot bearings at best, and, if the alignment 
is very bad, the whole structure may be seriously 
strained, or the stern tube vcm leak badly. 
Though it sounds simple enough to bore fjne 
stern tube with the help of guides, aa already 
explained, it is, if the shaft is to be faor(- 
zontal so that the auger keeps dose to the hot- 
twn of the boat, a knuckle-breaking job, and 
mat care must be taken to fix the giudes very 
firmly, otherwise the auger may be levered up 
from below and shift them, imperceptibly to the 
eye, but sufficiently to throw the tube out of line. 

Fig. 7 shows the auger arranged in posi- 
tion for boring on the system described. 

If the engine it is intended to instal is from 
2 to 4h.p,, the propeller shaft may be as small 
as fin. in diameter, provided the shaft be run 
at from 700 to 900 revolutions per minute. The 
diameter of the outside of the stern tube gland 
will only be ijin. if the design shown in Fig. 8 
is followed. 

The arrangement shown is the most simple 
that can be adopted, and has proved very sue* 
cessful in one or two boats fitted with it 

The size of the hole to be bored in the stern- 
post of the boat should be about i-i6in. in 
excess of the diameter of the tube, to adxnit of 
it being surrounded by a thin film of white and 
red lead. If the surface of the stern tube cast- 
ing be left rough from the sand (not turned 
bright) it will result in a thoroughly water- 
tight fit. 

No description beyond stating that the tube 
fittings should be of bronze and yellow metal 
throughout, including set and coach screws, is 
needed, as the drawing in Fig. 8 is sufficiently 
detailed. 

The stern tube gland being smeared v^lth 
thick red lead, it should be pressed into its final 
osition and coach-screwed. It is preferable to 
ave the fiange of gland recessed into and flush 
with the sternpost. 



Fig. 6* 



THE MpTOR JlWiJlIAl-. 






'^^inonoUml. 


BofitnyM 

y 

rr% 


€^an&eHaa between Motor and Propeller 
Shaft. 

The eacact position the motor is to occupy on 
its bed having been pre- 
viously settled) the next 
step to consider will be 

t^e form of the connec- •mutvauvi:^ 

tion to be employed be- oomc '' 

tween the motor and the 

propeller shaft, so that ^ 

the length of the shaft 
can be accurately deter- 
mined now that the tube ^ 
is fixed. To see at a 
glance the method em- y ^ 

ployed in the case under FTTSJ ci 

notice reference should 
be made to Fig. 9) which 
shows the engine as 
purchased, with the ex- 
ception of the lubri- 
cator, which was added bwcahih 

by the writer. j - 

Fig. lo shows the ’ 

design of the coupling 
fitted subsequently. The 
principle generally ^ 

would be applicable in 
most cases, but care 

must be taken that the oemni 

full thrust is put on the 
thrust - block bearing 

before the coupling is tightened up, so as to 
prevent any end pressure coming on the motor 
bearings. To obviate the possibility of this 

HKTAi. 

/ Coach . 


Asaearoa i^sckimq 


occurring, either a square-end shaft, 
fitting into a square hole in which 
lateral movement can take place, is 
adopted, or else two driver plates are 
sometimes employed, as ^own in 
Fig. II. The form of the ptopelfer 
shaft drive determined, the length of 
shaft required can be measured 
right through the stern tube, allow- 
ing, of course, sufficient clearance to 
admit of adjustment to the stuffing- 
box, which will be required once or 
twice in a season. 


The Propeller. 

Fig. 12 indicates a suitable means of secur* 
Rcuts OoSM. 
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ing a propeller having a boss of normal dimen- 
sions. 

A few hints on the subject of a suitable pro- 
peller may be useful. The question 
I is a difficult one, and one cannot 

/f±\ expect to hit upon a propeller at first 
that will give the maximum possible 
speed for the length of boat, and 
/ /(jyil power of engine, unless one has had 
// l\ considerable experience. 
ll writer has tried several of 

rH;^ 4 r different diameters and pitch on the 
l\\ 2^ l/t same boat. The one shown in Fig. 
nrr^Tr 12 has given the best results, both m 
WCOy/ speed and lack of vibration. 

example, showing what a 
difference the lines of a craft and 
revolutions per minute of a shaft 
make, Fig. 13 has been prepared. 
This indicates the most successful 
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Fig. to. 

propeller the writer designed for a i6ft. boat he 
had built, which was fitted with a 3h.p. engine, 
driving the propeller shaft at 550 revolutions per 
minute through gearing. 

Regarding propellers an amusing quotation, 
received by the writer, which serves to show 
that even those professing to make propellers 
are not fully acquainted with their virtues 




bladed one, and, conai^quently, ' 
vibration. It has an advants^e in 
the ease of an accident to one blade 
in that it has two left which will 
work without much loss in speed. 

A two-bladed propeller has the one 
advantage that in the reversing form 
if offers a simple mechanical 
of moving the blades, but, as staled 
at the commencement of this artide^ 
it is not necessary to run a sm^lf 
boat astern under power. 

A reversing propeller having the 
means of bringing about a variable 
pitch has the disadvantage that the 
blades cannot be of the shape that will give the 
maximum efficiency in any one position if they 
are of the form best suited for the average 
angles they may be set to, forward and reverse. 

TAe Thrust Beurlng^ 

The next item for consideration is the thrust- 
block bearing. The design recommended for 
moderate powers is illustrated in Fig. 14. It 
is extremely simple, and has stood tm test of 
time in more than one boat. 

Fitted as near the shaft coupling as possible 
and serving, as it does, as a horizontal bearing 
as well as a thrust, no other support between 
it and the stem tube is required for the shaft. 
A Jin. diameter shaft in gun-metal can be al- 
lowed an unsupported length of not more than 
2ft. 6in. 


reads: “ 1410. propeller blades run about 510. 
on flat and about sin. or 4in, across. Pitch, 
if any desired, usually lin. to 2in. In bronze, 
price ”11! , ^ 

Possibly this firm combat the theory or the 
screw as applied to the propeller. 

•Ehere can be but little doubt that a three- 
bladed solid propeller is the most satisfactory; 
it gives a more even resistance than a two- 
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Various Fittings. 

In Fig. 9 it will be noticed that a small 
sprocket wheel is fitted on the shaft coupling. 
This is a Micrometer motorcycle free-wheel, 
and forms the drive for the starting arrange- 
ment shown in Fig 15. This form of free-*whe«t 
device was selected as being the least likely to 
get out of order, since the falling of the paWlt 
into the ratchet is dependent on gravity and no< 
springs, which might rust up in such a position, 
exposed to salt air perhaps. 

The fixed wheel and chain are of the ordin- 
ary cycle type, mounted on a gun-metal handle 
and centre, with a flange adapted for securing 
if to a bracket frcmi the engine. 

A pump for circulating water through the 
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e^^giae jacket and silencer casing next demands 
attention. In some of the sets specially manu- 
lectured for marine work the pump drive is 
arranged for on the forwatd side of the crank 
case, out in adapting another engine to a boat 
it is generally most convenient to fit it to the 
propeller shaft in about the position indicated 
in the general arrangement plan (Fig. i8). 

^ From personal experience the best pump for 
use in a boat is that known as a geared pump. 
It is a little machine that requires but occasional 
attention in the way of lubrication, and works 
most silently, since there is no need for such 
a high velocity as in the case of the small centri- 
fugal pumps. Fig. i6 shows the pump. Several 
firms supply a pump of this pattern, and some 
of them will equip it with sprocket wheels and 
chain, to suit the speed one*s engine runs at, at 
a very moderate cost. 

The silencer has to be considered next. 
This is a water-cooled one for the sake of the 





BACKlkUKVAnON 


Fie. 16. 


L.u«nio.TOi« 



silence gained thereby, and safety in not having 
a heated chamber in any position in the boat 
likely to be a source of annoyance and danger. 
The firm (at Salisbury) which supplied the pump 
make a good silencer entirely of yellow metal, 
which is, of course, yeiy desirable, but it is 
quite within the capabilities of a good local tin- 
smith to make one like that used in the boat 
being described, which is of the design shown 
in Fig. 17, and of galvanised sheet iron coated 
inside the water space, after completion, with 


“ Siderosthen ’ 


1 Pitch 


non-corrosive paint. 
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Fig. 18. 


The circulating water is passed around it 
after coming from the motor cylinder jacket, 
and is discharged through a sea connection in 
the planking of the boat just above 
the water line near the stern. 

The circulating water intake is a 
simple straightway plug tap, with 
screwed end and large flange brazed 
on, which forms a seat on the boat’s 
planking, india-rubber insertion be- 
ing used between the flange and 
planking. A thin brass nut 1$ used 
on the screwed end of the tap to 
draw it up to a watertight joint on 
its seating from the outside. A piece 
of brass gauze is tacked on the out- 
side, over the end of the tap, to act 
as a strainer. 

The inner end of the tap is grooved 
to take a rubber hose pipe. 

The outlet may be a similar fitting exactly if 
below the water line, if not, a plain connection 
without tap will suffice. 

The exhaust pipe between motor and silencer 
should be bound round with asbestos rope to 
avoid damage by heat to anything that might 
come in contact with it. 

The arrangement and size of pipes, both cir- 
culating and silencer, is shown in the general 
plan, Fig. 18. This will vary naturally with the 
design of boat which is being fitted with power, 
but not to any great extent. 

The Puet Tank. 

Position for, and design of, the petrol supply 
tank may next claim attention. It is perhaps 
most often convenient to fit it in the bow of me 
boat under a decked forepart, in order to give 
sufficient fall to the supply pipe to car- 
buretter. 

In the boat illustrated in Fig. 19, a smaM 
locker is shown in the stern sheets and the tank 
located there. 

Since about 60 miles, at 6 miles per hour^ can 
be done in a 14 to i8ft. boat installed with a 
jh.p. four-cycle engine on two gallons of petrdi 
It is hardly worth while making provision for a 
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Fig. 17. 

tank that will carry more than, say, twice that 
amount, i.e., one measuring about ift. 310. by 
I ft. 3in. by 6in. deep. In the craft described 


only a 2-gaUon tank is used, and that has been 
adapted from one of the cans the spirit is sold in. 
Laid on its side, it makes a very convenient 
form of vessel for fuel for such a small boat at 
the writer’s. 

The fitting of a Davison petrol gauge and 
one of that firm’s fillers with hinged cap and 
strainer combined is recommended, as both will 
soon save their small cost in the amount of 
trouble avoided. The hinged cap has an excel- 
lent toggle fastening, and is also provided with 
a screw-down vent valve. Fig. 20 illustrates 
the supply tank complete. 

For the supply to the carburetter, copper pip- 
ing is the best, as a composition pipe is liable 
to develop a leak. 

The carburetter should be one having a float 
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Fig. 11 

chamber, and fitted with a small tray to inter- 
cept any petrol that may overflow when flooding 
to start. In the writer’s boat a jet carburetter 
of usual type is employed, and it has given 
every satisiaction. 

Be sure in installing this fitting that, at the 
very worst case in the trim of the boat, the spray 
nozzle is well below the level of the supply tank. 
If not, on a choppy sea one may get an annoy- 
ing stoppage. 

The best plan is to put the supply tank as 
high as convenient in the l;>oat and, if necessary, 
to lengthen the induction pipe to suit. 

Ignition. 

The ignition device that will be most gener- 
ally available is probably high tension, by means 
of a coil and accumulators. Magneto low ten- 
sion is preferable if the various parts are well 
protected from the action of salt air and spray 
(supposing the craft to be used in the vicinity 
of the sea) as the system does away with all 
the uncertainly connected with secondary bat- 
teries. If the former is adopted, it should be 
arranged as near the motor as possible, so as to 
avoid loss by leakage through long high-tension 
cable. Suen a position will probably be in a 
locker on, or under, the seating, preferably on 
the starboard side, which obviates stepping over 



Fig. 20. 


any cable connections In going to the usual poi^* 
tion for steering if by hand tiller. 

Should the arrangement of seating permit, a 
very suitable place for the coil and battery is in 
a locker or receptacle formed behind the amid^ 
ship thwart seat-back. 

The reader is referred to Fig. i8 for the ar- 
rangement adopted in the writer’s boat. 

It is well to remark here that it is not advis- 
able to arrange the battery and coil close to the 
petrol supply tank, as the sparking at the coil 
trerpbler might possibly ignite any vapour that 
would arise should a leak of petrol occur. 
The most suitable form of switch is the ordinary 
every-day type used in connection with elecfric 
incandescent lamps. It is conveniently placed 
in the low-tension circuit between the engine 
frame, or ** earth,” and the so-called negative 
terminal of the battery. 

The writer recommends the use of two accu- 
mulators, if a battery be used, so that one can 
take the place of the other in the event of a 
failure. 


Alterations. 

Turning to the boat itself, a few minor altera- 
tions were found necessary, chief among which 
was to reduce the width of the rudder a little, 
from the inside, to admit of sufficient clearance 
for the propeller. 


The Result, 

The speed obtained is an average of 5i miles 
per hour in slack water on a consumption of 
petrol equal to 30 miles per gallon. One accu- 
mulator (zoamp. hr.) when fully charged gives 
a good spark for about 80 miles before requir- 
ing recharging, provided that distance be not 
done in instalments spread over too long a time, 
as a battery will discharge slowly, even if not 
in actual use. 

As to reliability, the writer has no hesitation 
in going for a fishing cruise, outside the har 
hour, extending over six hours’ continual run- 
ning, The arrangement and design of the 
motor permits of the boat being slowed down 
to a steady speed of three miles per hour, and 
the boat has proved a very useful craft for a 
little sport in the way of ” mackerel whipping.” 
^ In conclusion, it will be well to answer a ques- 
tion anticipated from many readers — wljat was 
the cost? This, for the complete installation, 
came out well under ;^^2o, not including the 
boat already at hand. 

A reproduction from a photograph of the 
little craft as she appeared after her “ conver- 
sion ” is given on the next page. 
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COMMERCIAL MOTOR VESSELS. 

SaiDe NotBB tor the QuidMoco of Those Considering the Adoption of Motor 
Propulsion tor Industrial Craft 


Although the motor has only been with us a 
comparatively short time, it has already proved 
what brilliant prospects it has before it in the 
direction of commercial utility, and commercial 
motor vessels are doing yeoman service in 
many places abroad, where suppliers and users 
know how to select and instal motor power in a 
manner suited to the special needs of com- 
mercial service. 

In considering the application of the motor to 
the propulsion of commercial types of vessels, 
the problems to be faced are quite other than 
those involved in motor-propelled pleasure craft, 
where speed and personal convenience are fre- 
quently the principle questions involved. 

The particular type, make, and kind of 
engine to instal in any particular commercial 
craft is almost entirely dependent upon the 
conditions peculiar to that case, and no 
general rules can be laid down, nor can any 
guidance be given until that particular class 
of craft comes up for special consideration. 
The same thing applies also to the type, de- 
sign, and build of the hull, and to the choice 
of propelling gear. Still, there are certain 
considerations common to all classes and types 
of boats, the most important of these being the 
actual installation. A good motor in a first- 
class hull may, as a combination, be utterly 
useless simply on account of faulty installation 
and negligence in details. Given a good motor 
and a good hull as a start, the installation — or 
combination of the two — should be up to the 
same standard of excellence if the resultant 
product is to be of any real use. 

Installation. 

The most important consideration in a com- ^ 
mcrcial vessel must be low running cost. This * 
is largely rep^ulated by the manner in which the 
installation is carried out. The efficiency of the 
motor and the power absorbed in propelling 
the hull a given distance with a given load are 
variable quantities certainly, but they vary only 
within fairly close limits, and consequently may 
be left out of consideration for the present. If 
the motor comes from a good firm, and the hull 
from a reputable yard, the amount spent in 
fuel and other necessaries for the engine will 
very nearly represent the total cost of running. 
There is insurance to be considered, and the 
wiiges of the hands employed to run the boat. 


but these are trifling if the mileage covered is 
great. Loss of time due to breakdowns, re- 
pairs and overhauling, will be minimised. In 
fact, going to the heart of things, the fbur es- 
sentials are safety, economy, reliability and 
simplicity. Safety is dependent upon the stan- 
dard of installation, almost irrespective of the 
nature of the fuel employed j ultimately, when 
proper legislation comes, a high standard of in- 
stallation will mean low insurance rates. Econ- 
omy is a great desideratum, dependent upon 
the efficiency of the engine, of the transmission 
of the power — that is to say, installation, — of 
the propulsion, and of the design of the boat. 
Reliability is more often a question of installa- 
tion and accessory details than of a faulty 
motor. Finally, simplicity directly affects the 
wages bill; often a boat could be run with a 
lesser number of hands if the installation were 
only thoughtfully arranged and the controlling 
gear properly designed and placed. In a mod 
ern petrol boat the motor comes in for a good 
share of blame, when perhaps it is only the 
ignition or the fuel supply which may be wrong, 
both of which are really accessory rather than 
actually integral with the motor. In such cases 
the man who carried out the installation is the 
person to blame. Just as in designing, say, 
a crankshaft, it is made a good many 
times stronger than is absolutely neces- 
sary; so, in a commercial motor vessel, the 
standard of excellence of the installation should 
be considerably higher than is absolutely neces- 
sary; a certain margin must always be allowed 
for "the unexpected. 

Fuel Tanks. 

If the fuel used is of a safe and solid kind, 
such as coal, coke, anthracite or charcoal, its 
storage presents problems of no particular diffi- 
culty. But in the case of liquid fuel, no matter 
what its flash-point may be, the design and in- 
stallation of the tanks, piping and connections 
is a matter requiring care. For example* 
a fire once occurr^ on a paraffin engine^lriven 
vessel througjh the gradual loosening of a 
small screw in the vaporiser heating burner; 
This was caused by the excessive vibrations of 
the motor, which in tum^ was due to the boat 
builder’s fault in designing and building the 
foundation for the motor. The engineer wa$ in 
some sense to blame, certainly, for not having 
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gone over the nuts on engine before start- 
ing* but had the foundations been adequate. It 
is many chances to one that the accident would 
never have occurred. 

The exact position of the main tanks rela- 
tively to the engine must be settled separately 
for each particular case. But in general for the 
whole system, tanks, piping, joints and con- 
nections should be perfectly and absolutely 
tight, and as a whole, should be tested by 
filling them with paraffin. It will readily 
be grasped that hydraulic pressure ipight 
drive dirt into leaks, and so stop them 
up. Paraffin loosens dirt and thus ex- 
poses leaks. Petrol is dangerous to use and, 
moreover, evaporates too quickly to show 
leaks. Such a test should always be made, and 
insisted upon, before accepting or making de- 
livery. In the case of a boat for use in rough 
water, and where the tanks are of any size, 
or for a pressure-feed system, a test becomes 
very important. The material to be used for 
the tanks depends upon opinion. Zinc and 
galvanised iron are not so good as copper, or 
mild steel — either plain or with a lining of tin. 
All joints should be riveted and soldered for 
longitudinal joints and the ends riveted, tinned 
over and sweated, or else all joints should be 



Pig. I.—End Joints for tanks. 


electrically welded. There are partisans for 
each ^stem, but for tanks of any size mild 
steel with electrically welded Joints work out 
as cheap as anything else. The writer once 
purchased a pair of such tanks, six feet long 
by i 8 in. diameter, with all joints, bungs ana 
unions electrically welded and each tested to 
75lb. ab. pressure, for the sum of £8 job. the 
pair. They have this advantage afio, that the 
joints are actually stronger than the metal of 
which the tank is made, and there can never 
be any possibility of leakage. Indeed, such a 
tank can be battered all out of shape, and, un- 
less wilfully perforated, will be as tight as ever. 
On racing boats it is quite permissible to cut 
down the weight by reaucing the scantlings of 



the fuel reservedrs, but in the generality el 
commercial motor boats it would be false eoon^ 
omy to follow such a precedent. Still, there 
might perhaps be some valid cause for cutting 
weight in a commercial boat, and in such a case 
an excellent type of light-weight container is 
shown in the illustration (fig. 2). It consists of a 
thin steel drum pressed out 
of a solid sheet; a round 
hammered-out steel plate Is 
] slipped in the open end, the 
projecting end of the shell 
is then tinned over, riveted 
through, and sweated. If 
necessary, such a tank 
may be obtained with a 
block-tin lining. In the 
case of fairly large reser- 
, voirs, especially for sea-go- 

11 " ' boats, perforated baf- 

■ B lies should always be fitted 

m. 2.-PreB«ed steel ftregses con- 

barrel tank. sequent on the contents 

swashing about in a sea- 
way. In cylindrical tanks there need be no 
necessity to rivet these to the shell — this would 
only increase its potential weakness — they can be 
slipped in before closing one end. Cylindrical 
or elliptical section tanks are preferable to cubes 
or irregular foims made to fit corners, for with 
a given scantling they are much stronger, and 
therefore should be used whenever possible. 

Pael Pipes. 


Nothing but good cold-drawn copper tubing 
of substantial thickness should be used for con- 
veying the fuel to the motor. No joints should 
be allowed other than those necessary for 
coupling the tanks and vaporisers together. 
Each connection should consist of a single 
length running from joint to joint along the 
shortest course compatible with due protection. 
Expansion joints should be provided to allow 
for expansion and contraction under varying 
temperatures or for straining of the hull. A 
protective covering batten should he run along^ 
side the tube wherever there is any possibility 
of its becoming damaged, particularly in the 
engine room or in passage ways, where it 
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might suffer from things dropping, or from 
being stamped upon. All joints used for con- 
necting up the pipes should be of a good pattern. 
There are four types in common use, as shown 
(fig. 3). Of these, No. i is bad, and should 
be strictly barred, as the pipe tends to break 
off where the splay-out begins. No. 2 is only 
slightly better and is open to the same objec- 
tion. No, 3 and No. 4 — the ground-in cone 

and knife-edge 
joints — are both 
good, and the spe- 
cification should 
insist on one or 
other of these 
types. All such 
connections should 
be brazed on the 
ends of pipes 
and not merely 
sweated on with 
solder. This 
should be done be- 
fore the system is 
tested. In run- 
ning the fuel 
pipes it is as well 
10 see that they run on the opposite side of the 
boat to the exhaust pipe, no matter what the 
flash-point of the fuel is. If heat is necessary 
for the proper vaporisation of the fuel, this will 
be allowed for by the motor maker in the 
engine, and all pipes and tanks should be kept 
away from any source of external heat. Un- 
less the fuel is of a very viscous nature, it should 
pass through a filter before entering the supply 
pipe, and the filter should 
be of a type that admits 
of easy inspection and 
cleaning. There are sev- 
eral kinds of filter now on 
the market. Figs. 4 and 
5 illustrate suitable de- 
signs. 

Cooling Water System, 

The cooling-water circu- 
lating system, too, needs 
more care in design and 
installation than is usu- 
ally bestowed upon it in 
pleasure craft. The main 
troubles to obviate are : 
obstructions in the suc- 
tion piping, and necessity 
for priming the pump, 
and both can be obviated by simple means. 
Generali);, the pump supplied with most 
motors is of the rotary type, and while 
some of them can lift to a fair height when 
6hce agate, they do not seem able to exhaust 
any but the smallest amount of air from the 
lucdon piping. The pump, therefore, should 
be^ so placed relatively to the water line that it 
primes automatically. If it forms an integral 


part of the engine, and trouble is expeiietloed 
m this direction, it should be removed and 
placed in a more suitable position. To remeefy 
troubles arising from obstructions oolioctirtg in 
the suction inlet and piping, the water enta"ing 
from outside should pass through a filter placed 
immediately over the inlet orifice, which should 
not be plugged with gauze, as is usually done. 
Fig. 6 shows an excellent type of filter ; by un- 
doing the cover and removing the cage a stick 
can be passed right down through the inlet to 
clear,, it when necessary. A fairly large inlet 
orifice will be less likely to choke than would 
a smaller one with its outward end fitted with 
the usual sheet of gauze. Small obstructions can 



pass right through into the filter, and obstacles 
large enough to choke up the inlet pipe are not 
likely to come along often. It generally lies 
with the mofor maker to decide the fate of the 
cooling water after it has passed round the 
cylinder jackets, and his decision is influenced 
by the silencing arrangements provided. 

If the fuel feeds without interruption to the 
motor, and if the motor be cooled judiciously 
and continuously, we have already made two 
steps towards the perfect boat. 

Ignition Systems, 

A most important point in connection with 
the installation of power in a commercial vessel 
is the ignition system. Faulty installation of 
this is the prime cause of nine out of every 
ten breakdowns that occur. 

Actually, there is no real reason why efefetric 
ignition should not be as reliable as anv other 
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imteai^ »x^ as stated above, its present general 
unreliability is largely a question of irrational 
inatallaiion. . ^ ^ 

Insulation may be denned as tightness 
against electrical leakage, and, just as in the 
fuel-feed system, it is the various joints and con- 
nections that are most liable to give way and 
lealc* Since electric ignition is, in most cases, 
a necessary evil on board any motor boat, it 
should, first of all, be thoroughly well installed 
and then stringently tested as a whole to a satis- 
factory electrical pressure. As a general prin- 
ciple thagneto ignition, preferably of a good 
low-tension type, should be installed and used 
as the regular working system, and whenever 
a boat is to be used on hard and continued ser- 
vice, a second complete and distinct set should 
also#be fitted as a stand-by; if considered de- 
sirable, high-tension coil and battery ignition 
may be used for this second set, only, in such 
case, primary batteries of some kind would be 
preferable perhaps ; there are dry batteries now 
on the market that will remain in good condi- 
tion when out of use for months at a time. 

Wiring and Protection. 

If the engine be not in a cabin or an engine- 
room, special attention must be paid to the wir- 
ing. Each wire, whether in the primary or 
the secondary circuit, should be run in some one 
of the many conduits now on the market. There 
is no difficulty in obtaining this conduit tubing, 
as it is in current use for house and, particu- 
larly, workshop wiring. The tubing is sold in 
suitable lengths, and watertight switches, fuses, 
junction boxes, elbow and tee-joints can be 
purchased to complete the running. In this 
way the greater portion of the electrical system 
is perfectly protected from damp and wet, and 
prartically immune from breakdown. Batteries 
and coil should be placed under cover in such a 
position that no water can ever possibly get to 
them. If the engine be at all exposed, a shield 
should be placed over the contact-maker if this 
be not watertight, so that water will not drip 
into it. A useful tip in wiring an open launch 
is to arrange a sharp V bend — downwards — in 
the run of each wire between any connections 
or apparatus; any moisture thus collected on 
the surface of the conduits tends to gravitate 
and drop off from the lowest point. Wires 
should never be arranged so that moisture can 
run <Jown towards any instrument. 

In open and cabin boats alike, some mechani- 
cal protection should be afforded to the sparking 
plugs, and the wires connected thereto. There 
are several protectors on the market — mostly 
in the States though — that give both electrical 
and mechanical protection. A sparking plug is 
generally a delicate thing, and a spanner drop- 
ped on It may damage it hopelessly, and what 
IS worse, necessitate stopping the engine while 
a renewal is made Water and mineral oil are 
both bad for the insulation of a plug, and the 
use of protectors will serve admirably to keep 
plugs dry and fit. In wiring a cabin launch. 


wires should never be run, under or the,' 

floor. They should rise up from the 
or coil, be run along the ceiling, and tE^a^Se 
downwards to the plugs and other coimeeticms 
on the engine. In engines working with fljui 
coil and battery high-tension system of sgnitloa, 
it provision be only made for one plug per 
cylinder, each plug might be connected to two 
ignition systems, each having efficient switches 
for cutting out. 

When all the ignition instruments, wiring, 
and fitting are installed and connected up, the 
system as a whole should be tested for insula** 
tion resistance in the ordinary way. Most elec** 
trical firms possess the instruments necessary 
for making tests. The minimum number of 
megohms allowable is difficult to state, since it 
depends largely on the type of boat and the 
amount of wiring. 

Control Arrangements. 

The last point to consider in connection with 
the installation of commercial vessels in general 
is the method of grouping and placing the 
various contiols, both of the engine and the 
boat. In slow-speed heavy-displacement vessels, 
this question presents problems of little diffi- 
culty. Such vessels are generally driven by 
heavy slow-running engines, working at con- 
stant speed when on load, and prevented from 
racing when free by some form of automatic 
governor. In most cases of this nature, one 
lever suffices, whether the propeller is of the 
reversing type or driven through a reversing 
gear. The engine looks after itself automati- 
cally, varying its power according as the load 
is put on and thrown off, so the only thing for 
the steersman to work is the propeller or the 
reversing gear, as the case may be. In barges, 
motor tugs, and other vessels of this type, the 
engine is generally placed well aft, and the 
steering wheel is aft also; the reversing lever 
can thus be placed quite close to the steering 
wheel so that it is within reach of the helms- 
man. In the case of lighter and faster vessels 
with variable speed engines the control problem 
is rather more difficult to solve satisfactorily; 
two or three control leads may be needed to the 
engine, in addition to the lever actuating the 
reverse. Thus, in arranging the installation of 
a boat, this question must receive due attention 
from the very first,’ and the steering platform 
and position of the engine-room should be so 
placed relatively to one another as to facilitate 
the control transmission. The question of posi- 
tion of weights cannot be lost sight of alto- 
gether, and possibly a compromise will be neces- 
sary. Still, to prevent the necessity for com. 
plicated collection of links, rods, and bell cranks, 
the controlling levers on the bridge should be 
placed as near as possible to the various things 
they have to control. For small things such as 
throttles, spark advance and retard, and gor- 
ernor regulator, Bowden wires answer vety 
well. The writer has installed these for con- 
trolling the engines in two boats, and 
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have given every satisfaction. Only they must 
he well protected from wet. They can even be 
used to control heavier apparatus such as re- 
versing gears and reversible bladed propellers, 

Afo^or 

The two most important considerations in 
connection with the design of a motor barge are 
running cost and dimensions suitably proj)or- 
tioned to the waters it will have to do service 
in. The cost per ton mile of transport must be 
kept as low as possible, in order to attain a 
maximum of useful work, and the barge must 
be of such a size that it will pass handily 
through the smallest lock in the system over 
which it runs. There are many such vessels 
afloat, even in our own waters, which make 
trips of considerable length, and, when an order 
is received for a vessel to replace a towed boat 
of the present type, the supplier should be pos- 
sessed of proper data concerning the dimensions 
of the locks through which it must pass. From 
these the leading dimensions of the vessel can be 
fixed. 

Choice of Fuel. 

The choice of fuel is limited rather more than 
is perhaps the case with certain other types ol 
commercial vessels. While paraffin can be used 
with every success, it appears fairly certain that 
suction gas is, possibly, above all others the 
most suitable fuel for motor-barge work. 
Weight of plant is of very little importance on 
board such craft, and there is usually no parti- 
cular reason for great economy of space, so the 
extra room necessary for the generator will not 
count. Petrol need never be thought of for 
barge work, for it is not only far too expensive 
a fuel, but also it is too dangerous to be in 
charge of inexperienced men. The one essential 
of a barge installation must be simplicity. The 
whole installation should be of .such a type that 
the average bargee will be able to run it effi- 
ciently after a short course of training. This 
is one of the reasons why many motor barges 
running on the Continent are fitted with ordi- 
nary horizontal oil engines of the standard land 
type. They are heavy, they are also cumber- 
some, but, as a set-off, they are cheap in first 
cost, they are particularly simple, and, most 
important of all, they are but little liable to 
breakdown. Certainly it is a peculiar sensation 
to go down the after end of a big Rheinbarkasse 
and see there a big land engine stolidly thump- 
ing away, but the work is done all the same. 
Properly installed, this type does not take up 
very much room, and, as pointed out above, the 
weight is a matter of little consequence. 

The Arrangement of a Continental Barge. 

An illustration (fig. 7) is appended showing 
such a motor installed in a Continental barge. In 
each case, the motor is fixed in a compartment 
right away in the stern ; immediately forward of 
this generally conges the captain’s quarters, while 


but in such case the connections both to the 
apparatus and the control levers must be pro- 
perly designed and proportioned. Haphazard 
details are the cause of endless future worry. 

Barges. 

the crew — if any — are lodged right forward in a 
sort of fo’c’sle. It will be seen from th^ illus- 
tration that the engine is an ordinary horizontal 
oil engine driving on to the propeller shaft by 
means of a belt and bevel wheels. In this case 
only h single screw is fitted, the after sections 
of the under-water body being fined off to allow 
the water free access to the screw. In other 
cases (fig. 8), two propellers are fitted, well away 
from the centre line, both of these being driven by 
one engine. It will be noticed that the screw can 
be raised and lowered, the object of this device 
being to secure a full-bodied ship with a maxi- 
mum of carrying capacity. In deep canals or 
estuaries the screws are lowered to their full 
depth, and are raised up when passing through 
shallow locks or cafials of little depth. 

Having the engine right aft under the steer- 
ing platform simplifies the connections between 
the control levers and apparatus. The helms- 
man has everything under his own control, and 
one man sufiices to run the boat, except when 
locking and unlocking — a man is then needed 
forward to hitch on and cast off warps. Vessels 
of this type are in current use in Germany, Hol- 
land, and Belgium, where the canals and locks 
are both wider and deeper than is the case here 
in England, and many of them make lengthy 
trips down the estuaries of the western coast of 
i^urope. None of them are, of course, sea 
boats, and even in an estuary they are pretty 
wet, running as they do with their decks awash. 
For estuary work, anchors and winches are 
fitted both fore and aft, and, when bringing up 
to make^ a port or a canal entrance, the usual 
practice is to continue running full speed ahead, 
and then drop the stern anchor, which acts as 
a drag. 

A modification of this type of boat would cer- 
tainly have its uses in English waters, but could 
only be used in estuaries and for short coasting 
trips, since the dimensions are far too large to 
allow such a vessel to pass through the general 
run of British canals. Here our canals are, as 
a rule, shallower and narrower than is t^je case 
abroad; the locks are shorter, too, and thus 
our canal barges are altogether smaller than 
those on the Continent. Still, the accepted 
principles of Continental practice would fit in 
perfectly well. There are several good motors 
simple enough to be run by a bargeman with a 
little sense and training, and there appears little 
doubt but that horses and canal tugs will be 
ousted almost completely in a few years. 

Speed and Propellers. 

Speed on a canal is limited to a great extent 
by other boats. It is no use having a fast barge, 
if it will have to wait at a lock for its slower 
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brethren, and this must be taken intp account 
;ln fixing: the power. In many cases, too, the 
canal authorities have something to say on the 
speed question, and it would be wise to consult 
them early in the proceedings. At a moderate 
sp^, say, somewhere about the speed of boats 
at present in use, only small powers would be 
necessary. In considering the installation, 
the motor can be generally placed right aft, 
and should be separated from the main hold 
by a more or less fireproof bulkhead; with a 
suitable engine — one working at constant speed 
on load — there will only be the reversing lever to 
attend to, if the engine has an efficient governor. 
A constant speed engine almost necessitates the 
use of a reversible-bladed propeller, which for 
such work is generally simpler, and needs less 
expert attention than would a reversing gear. 
This is particularly the case on a barge for use 
in both canals and estuaries ; a little less pitch 
can be given in the canals if necessary, and the 
boat let out a bit more in open water. A fric- 
tion clutch should always be fitted between the 
engine and the propeller shaft. Canals are 
sometimes very shallow at the sides, and it 
might be necessary to pole out a little before 
getting under way. For the same reason, par- 
ticular care should be paid to the water-circu- 
lating arrangements, especially in the direction 
of ease in cleaning out the water intake, should 
this happen to choke up with mud or floating 
matter. 

In building a new boat, it would be almost 
advisable to build it of iron, except in cases where 
wood might cause a considerable reduction in 
cost. One advantage of an iron boat, especially 
if it is driven by an engine consuming a liquid 
hydrocarbon, is that the engine-room can be 
practically isolated from the remainder of the 
boat, and so any leakage prevented from drain- 
ing off into the hold. 

There can be no doubt that for these slow- 
speed, heavy-displacement craft, the internal 
combustion engine is the best form of propelling 
agent ever yet devised, and on the score of work- 
ing economy it can give points to every other 
system. 

A Comparison and a Specification. 

It is interesting to compare two very different 
types of barges. One is “ Good Luck,” a 
paraffin-engined boat in actual service on the 
Sheffield and South Yorkshire Navigation 
Canal; and the other is a Continental vessel, 
built^ and engined by a Belgian firm, and 
running on the canals of Northern France. 
” Good Luck ” is 60ft. 6in. over-all length, 
3in. beam, and 7ft. 6in. depth 
amidships; she is fitted with a 25h.p. oil 
motor, which suffices to drive her at a spaced of 
6m.p.h. The other vessel is iron built, 150ft. 
long, 20ft. beam, and drawing 5ft. with a cargo 
of *280 tons on board. She is fitted with a 
2oh.p. suction ^‘as plant, working with anthra- 
cite. The ordinary type of barge in use on 


English canals is about the same length as 
“Good Luck,” but only about 7ft. beam, the 
draught being: generally 4ft. An extract from 
the specification of the Continental boat mhy 
be of interest : The hull is of 4mm. — ^3.i6in.-^ 
plating, the bilge strakes being 5mm.--4ln* 
Five watertight bulkheads are fitted, dividing 
the hull up into four compartments, engine* 
r^m right aft, two cargo holds, and crew st)aoe 
right forward. The deck is of iin. chequer 
plating, and the coaming of the hold is i3in. 
high and 3-i6in. thick. An elm rubbing strake, 
75mm. by iiomm.— 3in. by 4|in. — with an iron 
armour strip, 63 by 13mm. — 2jin. by Jin. — runs 
right around the hull. The holds are of the 
dimensions stipulated by the suppliers, and are 
floored and sided with 40mm. — ijin. — pine. 
This boat was specially designed to carry bar ' 
iron from an iron works to a bolt-making shop, 
and the hold is therefore fitted with racks to 
carry bars of any section securely, and to sim- 
plify loading and unloading. 

Fuel Consumption. 

The consumption of fuel is approximately 400 
grammes (.qlb. about) anthracite or 450 
grammes (ilb.) coke per h.p. hour in full load, 
and the consumption over the regular working 
trip of 33 kilometres (20 miles) is never over 
35 kgs. (771b.) of coke. This is the total amount 
burnt on the trip, locks and other stoppages 
being counted in. On this particular vessel 
there is only one man to run the boat and en- 
gine. He goes aboard, oils up and overhauls 
his en^ne generally, starts her up, and goes on 
deck. During the four or five hours’ regular run 
he only descends once, or at the very most twice, 
to fill up the generator. The lubrication is for 
the most part entirely automatic, and wherever 
possible cups are filled instead of the usual oil 
holes. The firm o\\ ning this boat have another 
similar vessel, and they work alternately back- 
wards and forwards, one going back while the 
other comes up with a full load. 

Motor Barges in Holland and Belgium. 

There is a little fleet of small lighters — they 
are hardly big enough to call barges — driven by 
6h.p. horizontal engines, doing regular tramp 
service between Amsterdam, Kotterdam, Ant- 
werp, and other Dutch and Belgian , towns. 
They are well-shaped little craft, with finer sec- 
tions fore and att than the ordinary run of 
lighters. They have a small pole mast rigged 
up forward with a small derrick crane, and a 
sail can be hoisted in the event of a breakdown 
occurring. On these vessels, too, there is only 
one paid man, though his family generally 
travels with him. These boats are much in the 
same style as “Good Luck,” but they are mot^ 
shapely and not quite so beamy. Most of them 
have Van Rennes engines and drive the propel- 
ler shaft by friction from the fly-wheel. The 
astern motion of the propeller is obtained by a 
countershaft and belt drive. 
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A Gompumtton of Runalng Costt. 

It mi|fht not be without interest were the 
^tual running cost of a certain looft. Con- 
tinental barge computed for the different fuels 
actually in practical commercial use. The ves- 
sel, as built, runs on anthracite burnt in a suc- 
tion gas producer, and on this fuel its regular 
full load consumption is 400 grammes — .91b. — 
per horse-power hour. On test with coke the 
consumption was 50 grammes more per horse- 
power hour — about ilb. Since the barge runs 
a 33 kilometre trip on a total consumption of 
^sJcgs. of coke, the ecjuivalent consumption per 
mile in British units is 3.31b. With the dead- 
weight capacity of 125 tons the consumption per 
ton .mile is .0271b. approximately. Were coke 
at I2S. a ton used, instead of anthracite, the ac- 
tual cost of fuel per ton mile would be an almost 


infinitesimal amount. Each barge makes one trip 
per day, and the skippers* wages are 75 francs 
{£^) a month. Thus for a month of 24 work- 
ing trips a total load of 12 by 125 tons is carried 
—the run back being made light — the consump* 
tion over the 24 trips is 35 by 24 = 84okgs» = 
1,8481b., say, one ton; this gives allowance for 
starting up the generator, unexpected stoppages 
and waste. Consider lubricating oil and small 
sundries at about 8s. per month, and the actual 
cost of transporting 1,500 tons of cargo is 
for fuel, wages, and engine stores. Adding 
25 per cent. — a liberal allowance — to this sum 
for renewals and cost of spare parts we reach 
which, divided by 1,500, gives the cost of 
tiansport per ton per mile as .8d. The depre- 
ciation of the vessel is a more dillTicult matter 
to arrive at, but plenty of statistics as to the 
life of such boats could be obtained .* it is prob- 
able that the engine would have to be 
renewed long before the boat itself 
showed signs of old age. 

These figures, it must be remem^ 
bered, are for a boat working under 
rather annoying conditions. The two 
points between which she plies are 
fairly near together, yet the time re- 
quired to load and discharge the cargo 
prevents the boat making more than 
one trip per diem. Were a similar 
boat to be used for long-distance 
transportation the cost of running 
would drop considerably — the cost per 
ton mile that is. The figures, too, 
show another important point ; they 
show how small a proportion the fuel 
cost bears in comparison with the other 
numerous expenses entailed and also 
they point out clearjy the necessity for 
cutting down expenses by reducing the 
number of hands employed aboard to 
the lowest practicable limit, rather than 
by seeking economy by securing the 
cheapest fuel. In the particular case 
under consideration the wages bill, al- 
though very small, is nearly four times 
the amount expended on mere fuel. As 
pointed out before, the number of 
hands necessary to run the boat depends 
largely on the skill and experience of 
the man who designed the installation 
and the control system. 

Depreciation and Puei Consumption. 

Probably in actual practice deprecia- 
tion would form a heavy item, but it 
appears rather doubtful whether this 
should be included in the running ex-^ 
penses. The cost of spares and stores 
must be so dealt with, naturally, but do- , 
preciation items would probably ffiid ' 
their proper place in the trading 
count and not in that dealing with 
commercial utility of the fleet, ^ ' 

Were paraffin used to drive thkW^ ^ 
.about 70 pints would be needed for eiShr^ 
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trip; if a petrol engine were installed the quan- 
tity would be about the same. Taking paraffin 
at 44d. per gallon, and petrol at qd. per gallon, 
the cost of fuel per trip would be about 3s. 3d. 
and 6s. 6d. respectively, as against .4s. in the 
case ot anthracite. The dilYerence is certainly 
great, but even then, with the dearest fuel, the 
wages bill is heavy in comparison. Anthracite 
is a fuel that varies considerably in price accord- 
ing to locality— from 12s. to 25s. per ton — but at 
its highest price it compares very favourably 
with paraffin and knocks petrol practically out 
of the running. Actually, in considering esti- 
mates for a motor barge, prospective buyers 
should be clear in their own minds on this sub- 
ject of fuel consumption. Tt is hardly fair to the 
makers to multiply the full load consumption by 


is run through a pipe direct from the storage 
cylinders into the hold. In such case, with ah 
unlimited supply of liquid fuel aboard, it would 
hardly be policy to install, say, a suction gas 
engine, except in localities where transport diffi' 
culties have enhanced the value of the oil. But 
abroad, on a good canal system, the tank 
steamers from the oil fields discharge into^the 
store, and from this the oil is delivered to a 
number of centres, more or less far away, by 
inotor-rfiriven tank barges. 

Small Lighters and Auxiliary Barges. 

Before leaving the question of barges, there 
are two types of v^essel that seem tb offer possi- 
bilities, small fast lighters and auxiliary sailing 
barges. The Deutsche Ost-Afrika Linie has a 



Motor carffo barge fitted mtb 24h.p. single-cylinder paraffin motor. Length 55ft. Bin., beam 1211. 41n. 

Capacity 20 tons, speed 7 knots. 


the number of hours under way, and at the same 
time misunderstandings may arise over the sup- 
plier’s endeavours to estimate the actual cost 
for fuel over a certain trip. 

Possibly the first motor barges at work were 
built for petroleum companies and fitted with 
paraffin motors; in some cases ordinary land 
engines were installed in a compartment astern. 
Some such vessels have been in regular con- 
tinuous service for several years already, and 
in Belgium two such tank barges have been 
running for a longer time. These vessels come 
to the companies’ dock, and are filled or emptied 
as the case may be in about two hours. Cen- 
trifugal pumps are installed at the receivin|^ 
end of the trip, and at the charging end the oil 


Daimler-engined lighter at a station 01? the 
East Coast of Africa, and this boat goes out tb 
collect merchandise from the Company’s 
steamers lying off the coast. Such boats are 
really barges, yet they hardly trespass on the 
domain of the larger and slower vessels for 
inland and estuary work. There are many 
ports in the world where large steamers cannot 
enter and dock, or bring up to a quay, and a 
well-organised service of such power-driven 
lighters should prove a little gold mine to the 
organisers. At home on inland' waters, or in es- 
tuaries, they might be profitably worked where 
a passenger service would not pay, for there are 
many localities where transport by water would 
work out cheaper than carrying by road. 
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In all probability there will be a larg^e number 
of motor tugs afloat before loag. There are al- 
ready a good many abroad, principally in Ger- 
many and Holland, where they arc doing good 
and continuous service. It is rather early yet, 
perhaps, to think of building motor tugs 
powerful as the ocean-going steam tugs one 
sees at large shipping centres, but there is plenty 
of work that smaller vessels could do — boats, 
say, from 30ft. to Soft., with engines ®f from 
loh.p. up to i5oh.p. Many of the conditions ap- 
plying to barges hold good in the case of tugs. 
The engines should be solid, simple, preferably 
slow-running affairs requiring a minimum of re- 
newals, repairs, and attention. The fuel pro- 
blefli is not, in general, so difficult of solution 
as in certain other types of craft. Petrol may be 
left out of the question altogether; except, per- 
haps, in one or two very special cases it is too 
expensive a fuel for oidinary use, besides being 
dangerous no matter how carefully the installa- 
tion is carried out. The crew usually found on 
tugs are inexperienced in the ways of motors, 
and might as a consequence be careless. 

The hull of a tug-boat is not a thing to put 
in the hands of a mere maker of motors. They 
have to undergo severe strains when hauling, 
particularly so in a heavy sea, and should there- 
fore be designed and adequately built by some 
firm which has had plenty of experience in this 
line. It Vs not an average designer’s job to de- 
sign a tug, and, in general, it would be better 
to order hull and motor separately and bring 
about an understanding between builder and 
maker to come to some mutual arrangement for 
the installation. The builders, too, will be able 
K) foretell the power to a nicety from their past 
experience, and this power cannot be calculated 
from an ordinary formula. Generally the ordin- 
ary tug-boat running alone at her hardest makes 
some fearsome waves because her engines drive 
the hull too hard; when towing and going at 
her normal speed the waves decrease immensely, 
and the boat runs cleaner. The average towing 
load and the style of lighter to.be towed should 
be stated when getting estimates or ordering 
a tug, for the power to be installed is almost 
entirely dependent on these two factors, and the 
shape and dimensions of the tug itself go for 
very little. 

j 

Service 

There are now a number of motor launches 
afloat, chiefly abroad unfortunately, which are of 
the nature of a combination of tug and service 
launch. Several steamship companies own such 
boats, which are useful in conveying passen- 
gers* goods and orders from the shore to ships 
lying outside, and which are fitted with engines 
{xywerful enough to enable them to tow a fair 
load at a docent speed when necessary. On the 
score of economy, these boats again can give 
points to steam. The exact time of arrival of a 



The Asiatic Petroleum Co.’s motor tender and tug 
at Port Said. 

Generally speaking, paraffin and suction gas 
are the best fuels for use on such tug-boats, 
on account of the economy and simplicity of the 
engines. The control arrangements should be 
collected on the steering platform to be all under 
the skipper^s hands as he steers, and thus al« 
low him to have perfect and instant control 
over the boat at all times. It would not be a 
bad idea, in certain cases, to instal a reversible- 
bladed propeller. When towing, the boat could 
run with the blades set at full pitch, and when 
running light could be run at a good speed with 
rather less pitch, the engines would govern and 
decrease the consumption. ^ 

Advantages of Motor Tugs. 

In many cases internarl combustion motors 
would present considerable advantages over 
steam engines for this class of work. The 
boats could be got under way in much shorter 
time than that required to raise a sufficient head 
of steam in the boilers, and at times this fact 
might be of the greatest importance. Again, 
there are many steam tugs now on which a 
head of steam is continually kept up, entailing 
considerable expense for coal to the owners. 
With internal combustion engines fitted this 
would never be necessary, as were a tug wanted 
to get under way at unexpected hours the engine 
could be arranged to start up on a small quan- 
tity of petrol, and thus be available for service 
within a few minutes if necessary. There are 
steam tugs in many parts which lie in waiting 
for a call, and which could be fitted with inter- 
nal combustion engines with great advantage, 
if the ow’ners could be brought to resflise the 
saving it would be, and how the dividends would 
increase as a consequence. 

Launches. 

liner can never be fixed to a few hours, and this 
means, with a steamboat, keeping a head Of 
steam for perhaps an indefinite time. A motor* 
driven service launch can be got under way once 
the liner is sighted or signalled, and, as m the 
case of a “ free lance ** tug, save her owners a 
large amount yearly. Such boats— half 
half launch—would find considerable favour m 
several colonies. 

Service launches are the commercial equtva^ 
lent of the ordinary pleasure launch, and as theiy 
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Boris,” a &0ft. passeneer boat in use on toe Norfolk Broads. She Is fitted with a 20b.p. motor and is licensed 

to carry 100 passengers. 

vary greatly in type and dinjensions they must If these problems are solved, first of all, accord- 

be dismissed without further consideration than ing to the principles pointed out in earlier sec- 

th|it the installation must be carried out in a tions of this article, the boat will be at least 
thoroughly efficient manner, and that the motor suitable for her work, and, given good work- 
and the fuel used must be chosen with due con- manship and installation combined with subse- 

sideration to the work the boat will have to per- quent careful handling, she should give satisfac- 

form and the locality where her work will be. tion to her owners. 

Colonial Service Craft, 


It is obviously imposeible in an article of 
this nature to consider the various types of 
craft particularly adapted to colonial service in 
anything like an exhaustive manner ; but, at the 
same time, there is greater scope for giving 
certain broadly general directions than exists in 
the case of vessels destined for home service. 
Considering the fuel question first of all ; in 
temperate regions, where the climatic conditions 
are much the same as those here at home, the 
one point regulating the choice of the working 
fuel is convenience, or, to put it lather more 
correctly, commercial efficiency. In such cli- 
mates, too, the installation of power and the 
gener^ design of the craft do not call for any 
extraordinary regulations other than those which 
local conditions may impose as necessary. It is 
in tropical and semi-tropical climates that special 
precautions are necessary. It is fairly obvious 
that there petrol does not show to the best 
advantage, and that for two reasons ; its cost 
would 1:^ high before it could be freighted and 
carried to the stores, and again because a fuel 
of such low flash-point would not be suitable for 
use in so warm a climate and — possibly — in in- 
exp^ienced bands. 

There is plenty of work waiting for the motor 
launch on the great rivers of Africa and South 
America, and, now that makers know the par- 
ticular kind of craft suited for this work, there is 


already the making of a brisk trade. Unfortu- 
nately, the users and the suppliers of craft are so 
far distant one from the other that it is often a 
matter of difficulty for the one to make his 
wants perfectly clear and for the other to realise 
exactly the type of craft reeded for the work to 
be done. 

While there are many colonies where petrol 
and paraffin can be easily obtained, it seems 
fairly certain that, elsewhere, the suction gas 
producer and engine is the power plant par ex- 
cellence for commercial work, as far as internal- 
combustion motors are concerned. 

Simplicity Bssentiai. 

In choosing an engine for colonial service, 
when the fuel question has been settled, thei one 
point to outweigh all others is simplicity and 
consequent small number of working parts. All 
other things being equal, the choice must fall on 
the simplest motor; an engine with a multipli- 
city of working parts is not suitable for work 
so far from its place of manufacture, and should, 
in consec^uence, be passed over in favour of some- 
thing simpler and more robust. Strength in 
detail parts is another point that must be care- 
fully looked to ; no fine watchmaker class of 
work should be admitted, unless a small cargo 
of spares is to be carried. If anything goes that 
cannot be replaced from stock it means that tli® 
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boat will have to be laid up while a new piece 
is' obtained from the manufacturer, which may 
mean anything up to six months before it can 
be delivered and fitted. 

It is obviously unsuitable to deliver a paraffin 
engine, say, with electric ignition of the usual 
cou and battery type to a place where electric 
current is not available, and where a primary 
battery or power-driven charging set would have 
to be installed. Colonials are notoriously handy 
men, but accumulators need handling carefully 
and with due knowledge rather than hsmdily. 
In such cases, a simple type of magneto should 


be fitted, preferably in duplicate. And this, on 
the principle that apart from fuel, lubricating 
oil, and the circulating water, no other supplies 
should ever be needed to keep the engine run- 
ning. The lubrication should be arranged that 
all important frictional surfaces receive auto- 
matically their due and proper share of oil. In 
fact, generally the whole installation should be 
so arranged that once the engine is started and 
under way, no attention should be necessary 
until the time comes to shut it down. In two 
words, the plant must be automatic and fool- 
proof. 


Estimated Running Costs and the Choice ot a Moton 


It *6 a very difficult matter to obtain a correct 
idea of the running cost of a prospective craft. 
It is, of course, very simple for a maker, or any- 
one else, to state that the engine will consume, 
say, eight-tenths of a pint of paraffin per horse- 
power hour, and then proceed to assume the 
number of hours the boat will have to run at 
full load, multiply that figure by the horse-power 
and this product by the consumption per horse 
power hour. Unfortunately, the result so ob- 
tained does rK>t represent anything like the true 
cost of running the vessel. This is made up 
of several expenses. There is first of all the 
cost of the fuel; to this must be added the 
expenses entailed in providing lubricating oil, 
engine stores and spare parts, the cost of having 
the engine thoroughly overhauled and tuned up 
once or twice in the year, the renewal of parts 
liable to wear, the wages and sundry expenses 
of the hands employed in running the boat, the 
depreciation of the vessel herself, and — a not un- 
important factor — the time lost in breakdowns 
and derangements of the driving gear. 

In this formidable list of contributory ex- 
penses it can be seen that the cost of ‘fuel plays 
rather a minor part in many cases, particularly 
so in the case of a k)w-powercd, slow -speed ves- 
sel, such as a barge, for instance. All these 
different outlets for the owner’s money must be 
considered in planning a boat for certain clearly 
defined service, and in the preliminary considera- 
tion they should be so balanced* and adjusted 
as to secure a maximum commercial return for 
the money spent in running the craft. Take 
the ^se of a ferry boat, for instance, to ply for 
service between two points only a short distance 
apart. Here the relation between the time occu- 
pied in bringing up and getting under way is of 
infinitely .greater moment than the actual time 
occupied in running from point to point. Hence 
\t would be decidedly injudicious in such a case 
to instal high-powered machinery in order to 
secure a slight increase in speed, when perhaps 
half that power would increase the boat’s earn- 
ing capacity. In the case of a canal bar^e, for 
instance, plying between certain fixed points it 
i$ obviously useless to instal ultra high- 

powered machinery to gain a mile per hour or so 
more speed, when the conditions of service pre- 


clude the boat making more than one or two 
short staf^es per day. 

A balance should always be struck between 
expenses and earning capacity, as represented 
by the useful work the boat does. This is a point 
that, like n^ny others in connection with the 
same subject, cannot be treated in such a 
general manner as to cover all cases, for each 
particular type of craft. Certain broad generali- 
ties can be laid down, but even then each and 
every particular case demands separate atten- 
tion based entirely on the different conditionr of 
service obtaining. 

Items of Running Expense. 

It might be as well, at this juncture, to con- 
sider in detail the items which go to make up 
running cost. Depreciation has been a rather 
serious consideration in motor work, and, 
roughly, may be set down as proportional to 
the working speed of the plant. It is obviously 
greater in a boat of very high speed — one of 
our modern racers, for example — than it is in 
a slow-speed barge fitted with heavy, slow^un- 
ning engines, the general wear and tear and the 
stresses on the working parts being compara- 
tively small in the latter class. The personal 
element also figures largely in this question, « 
careful engineer and a thoughtful skipper will 
help greatly to diminish this factor. Careful 
overhaul at suitably spaced intervals will also 
help to lessen depreciation, and, in addition, 
will also reduce liability to breakdown. A gc^ 
motor maker or hull builder will always give 
advice on this important point, which, if the 
user is wise, he will carry out. Good ships have 
been lost before now for want of overhaul, and 
when sijch is the case the owner can blame no 
one but himself. 

Wages. 

In most cases, the wages bill is the heaviest 
item on the expenses sheet; an item, too, that 
very -often could be reduced by suitably planning 
the boat beforehand. Wages are also to a cer- 
tain extent proportional to the speed of the ma- 
chinery, for generally most of the heavy, slow^ ' 
running commercial engines now built need <4-^ 
tendon only at rare intervals. There are bar^i^S' 
now running in Continental waters on whtdh „ 
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A Dutch motor barge. 

only one man is employed. lie first of all starts 
iip hfs engine and sees that all is right, he 
then goes on deck and, with the control levers 
next his hand at the steering wheel, can start, 
stop, and regulate his speed while steering. It 
is only fair to remark, at the same time, that 
the unpaid help of the bargee’s family can 
always be pressed into service to throw a warp 
or take a hitch with it round a mooring post, 
or even, if necessity arises, to steer. The fact, 
however, remains unaltered that such boats can 
be worked single-handed, and this is a point to 
strive after in designing. If the boat can be 
handled by one man, two men can do it in 
comfort, and in case of emergency the owner 
knows that his boat need not stop running if 
there be a man short. 

Expense of Fuel, 

Locality has a very important bearing on the 
question of expense. It would raise running cost 
were a j>etrol motor used, say, in a colony w^herc 
that fuel would have to be imported specially. 
In a coal-producing district, again, it might be 
considerably cheaper to use coal in some way or 
other, just as for local service near oil fields a 
paraffin motor would most probably work out 
cheaper than even suction gas in its most 
economical form, although the mere consump- 
tion, by volume or by w’eight, might be con- 
stderabry greater. It is on this point that many 
people go astray. Low consumption docs not 
necessarily mean low fuel expense. A suction 
gas plant under favourable conditions can give 
points and a beating to steam, but there are 
cases— though, possibly, they are very few^— 
when it might cost more. In fact, the very first 
consideration in thinking of a commercial motor 
vessel should always be “What is the staple fuel 
of the district?” If it should happen that two 
or three fuels are equally available, the choice 
is then governed by relative cost and relative 
consumption. It is pretty safe to state that in 
ninety-nine cases out of a hundred there will al- 
ways be one particular fuel which will work out 
cheapest for the particular power to be installed. 

ComparMtive Consumption with Various 
Fuels, 

The question of the comparative consumption 
of the different classes of fuel, calculated to a 
hprse-power hour basis, is a rather delicate one 


to discuss, not so much perhaps in distinguish- 
ing between good performances and bad ones 
as in the fact that few really reliable data are 
obtainable on the subject. In the case of a 
service launch used on a canal, when the boat 
is in a lock, the consumption drops considerably, 
oven if the engine is not shut down. In such 
case it would be obviously unfair to divide^ the 
total consumption by the number of hours the 
engine is run, for this would give a figure pos- 
sibly a great deal lower than the actual con- 
sumption at normal full load, which is the figure 
on which instructive comparison must be based. 
bVom a mass of .figures collected by the writer,’ 
average consumption values have been struck, 
these are given on the assumption that the en- 
gine is working under proper conditions and at 
its most efficient load. For petrol and paraffin 
the figures are practically the same, .9 pint per 
horse-power hour; in a fairly good engine the 
consumption rarely exceeds one pint; while .73 
is the lowest figure the writer has met with, 
and this w^as in a petrol engine. For alcohol 
the consumption is nearly double, if the alcohol 
is fairly pure. If it conlains an admixture of 
benzol, the consumption decreases till at 50 per 
cent, it almost equals petrol. For suction gas 
driven engines the average consumptions are . 
for coal i^lb. to i^Ib. per horse-power hour, for 
coke I Jib., and for anthracite ilb. and under. 

The figures naturally vary greatly, and the 
above can only be regarded as fair average 
values. Many individual engines of the types 
considered will consume less, and some may 
consun'ie more. In actual practice the fact that 
variable speed engines vary their power accord- 
ing to running conditions will have an effect on 
the consumption tor the total horse-power. 

Oii and Stores, 

The expenses for lubricating oil and general 
engine stores depends rather on the engineer 
than on the engine. Some men are notoriously 
wasteful in these matters, and others very 
economical. Hei'e, again, if the owner is not 
an expert the advice of the enerine maker will 
come in useful, and any hint he gives should 



*' Pioneer.” Scottish motor fishing boat with'2thj;). 
motor. Speed five Imots. 
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alw;»ys be carried out. , Indeed, the lubrication 
should always be taken out of the engineer’s 
hands by fitting proper mechanical and central 
feed lubricators to all working parts needing 
them. These can all be adjusted during the trLd 
runs so that each part receives its due and 
proper share of oil. 

Spare Parts, 

The supply of spare parts is more difficult to 
consider. Sufficient spares should always be 
carried aboard each boat, while at the sam’e time 
undue extravagance should be checked. One 
case in point. The owner of a certain motor 
yacht found himself continually paying bills for 
new valves. He remonstrated with the engine 
makers, who investigated the matter and found 
that the man in charge was too lazy to grind 
them in, but preferred to lose pitted valves over 
the side and put in fresh ones, which needed 


rule : the motor purchased should be of such a 
type that breakdowns shall not occur. A canou 
mercial motor i.s not fit for work if it must be 
treated as a delicate child, and strength in con^ 
struction should always be considered a 
sine qud non. 

Relation Between Cost and Return, 

These are all points that must be considered 
carefully and beforehand. There can only be 
one combination that will do the work required 
with a maximum of economy. But the relation 
between work dojie and running cost must al- 
ways be looked at in a proper light. For in^ 
stance, in a barge the question is : What will 
it cost to carry a certain load, in pence, per ton- 
mile? In a ferry boat or passenger vessel the 
cost per average trip must be considered in rela- 
tion to the average takin^^s per trip. By first of 
all looking; at things in this purely commercial 



An English Cttual barge flttod with an experimental suction gas motor of 30h.p. Loaded with lOi tons of cargo 
and towing a buttv" carrying 23 tons, her speed is about four miles per hour on a consumption of 30 lbs. of 

fhel (anthracite) per hour. 


little or no grinding to fit tight. With slow- 
running engines it will generally be found that 
all the parts have been desigi>ed for their work 
with a more generous factor of safety than is 
usuaF with automobile engines, and it will thus 
not be necessary to carry such a large store of 
spares as many would advise. It must also be 
remembered that if an unskilled man is in 
charge of the engine-room, he will be unable to 
effect any but the very simplest repairs. It might 
be advisable to let him take more parts than he 
could make use of, because, if he can land, it 
will generally be possible to secure the services 
of a blacksmith, whose work is seldom to be 
despised, especially as in the country he will 
generally be found as good a man at a ’me- 
chanic’s job as he is .at his own. In connection 
with the spares problem, there is one golden 


light the prospective owner can give suppliers 
a clearer idea of his wruits. If, say, steam 
barges are to be replaced with vessels driven by 
internal combustion motors, the owner shpuld 
know what his steam fleet brings him in ; then 
he can compare estimates for the alterations arid 
place his orders accordingly. In replacing saiL 
ing vessels or towed vessels by motor craft, it 
must first of all be seen, whether the new ves- 
sels will do better work for the same cost. This 
sounds rather obvious, perhaps, but experience 
in the ways of people ordering boats shows that 
in many cases they have^ no very clear idea of 
the conditions under which they have to per- 
form. If a man is in such a pitiable plight, he 
can at least state roundly what it costs him to 
do certain work, and invite motor-boat builders 
to come along and better it. 
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The Moionasut Question. 

The question of handling has never, appa- The writer has had experience with several 
rently* been quite fully realised. There exists marine motoniien witli different types of mOr 

an opinion that the services of a trained engi- tor in their charge, and for all-round hand!- 

neer are indispensable to continually nurse the ness it is his experience that the seaman beats 

motor into giving its best output. In the case the rest. In a sea-going boat, rough weath^ 

of commercial vessels any such impression is does not affect him, and in n^ty weather he is 

entirely erroneous. When the crew of a boat always fit to look after his engine or lend a hand 

consists of two men or more, one should be told on deck if necessary. At home, such a man 

off to take charge of the engine. There is no could receive his training from a man sent by 

necessity for him to be any kind of an engi- the motor makers; in a colony he will have to 

neer; engineers are not over-handy on a boat out worry out his own mechanical salvation from 

of the engine-room, and in nearly every case it his own inborn common sense and any particu- 

will be found vastly better to get hold of a fairly lar instructions with which the manufacturers 

intelligent sailor man and educate him up to the will trouble to supply him. 

motor. This is not a difficult matter; the main Undoubtedly this motorman question is a dif- 
thing is to get him to understand how it works ficulty, and has been responsible for a de^l of 

— usually a simple matter — and insist on his unpleasant trouble up to now, but if owners 

looking after it in a methodical manner. He would see that their man is first of all fairly 

must be impressed with the fact that the more intelligent, and then, that he carries out the 

care and attention he gives his engine uhen makers’ instructions properly and to the letter, 

not running the less suhsequenr trouble he will there ought not to be much trouble with the 

experience. average commercial engine 

The illustrations throughout this section are introduced for the purpose of showing the many var.ed uses to which the 
motor engine has been pat in commercial cratt. In many cases more modern examples ox the various types are in 
existence, but tor the purpose it has not been considered necessary to alter them. 
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THE LIGHTING OF MOTOR YACHTS 
AND LAUNCHES. 


Until the advent of the motor boat the light- 
ing arrangements on board most small yachts 
was usually of a primitive description. Cundles 
and paraffin held the field against more modern 
kinds of illuminants. Steam yachts were, and 
are^enerally, lit by electricity, it being a simple 
matter to in&tal a dynamo set where steam is 
already available for driving the main engines. 
Sailing yachts of any size are lit with oil of 
some kind, as a rule ; one or two American boats 
—notably Mr. Plant’s schooner “ Ingomar 
had acetylene installations, while a few, but only 
a very few, had electric light, with, in some 
cases, a dynamo driven direct off a petrol or 
paraffin motor. 

If a cabin boat is avowedly built for a day 
craft there is no necessity to worry much about 
the lighting arrangements, beyond fixing up two 
cr three gimballed candle holders. If the boat 
does get belated by any chance these will furnish 
all the light required. But in a bonfi-fide cruiser 
of a certain size for regular work, some rather 
more adequate arrangements should be con- 
sidered. There is plenty of choice ; one can take 
a pick from candles, vegetable oil, cera wax, 
alcohol, paraffin, compressed gas, acetylene, 
electric light. The choice must be governed by 
considerations of personal preference, locality 
and the service the boat will be called upon to 
perform. Candles in gimballed holders should 
always be installed ; they are safe, are un- 
affected by conditions that might put other illu- 
minants out of order, and are a perfect stand-by 
in case of trouble. Further, no matter what the 
main illuminant may be, a set of paraffin riding 
and running-lights and binnacle lamps should 
always be carried. Economy in purchasing these 
is generally ill-directed. It is better to pay a 
good price and get a good set of lamps ; it will 
pay. in the long run, for when running at night 
one’s boat and one’s life are often dependent on 
the lamps. Nothing is more dangerous than a 
lamp that will not burn in a strong wind, or 
when the boat is swishing about in a sea-way. 
This is especially the case with the riding-lamp, 
which should be of the windproof kind, in which 
a conical inner glass funnel affords increased 
protection to the flame. 

Cabin Lighting. 

Returning to the question of cabin lightinpf, 
colza oil is generally a nuisance. It entails 
scrupulous cleanliness of lamps and constant 


attention, and should not be employed if its use 
can possibl) be avoided. In tropical climates, 
where mineral oil might be dangerous or not 
easily procuroble, colza oil has advantages, but 
cera wax would be even better. This is a solid 
illuminant and is in extended use on ships mak- 
ing runs to tropical parts. As it is solid it can be 
carried easily, and presents no danger in high 
temperature. As a set-off, however, it is gener- 
ally only procurable at large ports, and must be 
burned in specially constructed lamps. The 
lighting-up takes a little time, as the wax has to 
be cut up and melted before the lamp can be lit. 

Alcohol. 

Alcohol is in use for the lamps on a few boat^ 
abroad, and as an illuminant is excellent. It 
burns steadily, and with a clear white fiame; 
but here, again, a special type of lamp must be 
used, preferably one with a burner and mantle 
akin to ihe ordinary incandescent gas burner. 
Such a lamp is all that could be desired, but 
alcohol is a fuel requiring certain precautions, 
and, unless for special reasons, an owner would 
do better to instal something else. 

Paraffin. 

Paraffin is, and always has been, the favourite 
illuminant on small yachts, but the lamps used 
must be of proper design and construction, and 
receive more care than the average Corinthian 
generally bestows upon them. Good cabin 
lamps can be bought at any reputable yacht 
stores, and should always be slung in gimbals 
and have all-metal reservoirs. A glass or por- 
celain reservoir might be all right, but in a 
heavy sea something might break adrift and 
smash it, and it is always well to be on the safe 
side. Lamps must always be kept scrupulously 
clean, no matter what they burn. Cleaning 
them should be as much a matter of course as 
swabbing decks or wiping down the engine. 
Given good lamps at the outset, with a constant 
supply of good oil and perfect cleanliness, they 
should never give trouble. The writer once in- 
stalled a lamp of the kind known as a Student’s 
Reading Lamp in the cabin of a 50ft. launch; 
the weighted base, carrying the rod on which 
the container and burner slid, was screwed up 
to the ceiling, and the height of the lamp pohld 
be adjusted by sliding it up or down the rod and 
clamping it. Although it was put up only for 
temporary use for a canal trip, it worked 
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perfectly W€U in slig-htly rough water, but 
il^hether it woifld have kept alight in a heavy sea 
is another matter. Still, for a calm-water boat 
such a lamp has several advantages* 

Qas. 

Gaseous illuminants are coming into favour 
nowadays, probably on account of the great 
improvements made in recent years. In the 
case of boats engined with paraftin motors it 
is generally desirable to avoid a complexity or 
fuels, and use paraffin for lighting. When 
something better than the ordinary paraffin lamp 
is wanted, a Washington or Kitson system 
could be installed. This is a modification of the 
“roarers” so much in evidence in a London fog, 
or when night work is being done in the roads. 
A reservoir contains the paraffin, which is de- 
livered to the burners by air pressure raised by 
a hand-pump. Any number of burners may be 
fitted up, each being connected to the reservoir 
by fine-bore piping. The burners are fitted with 
incandescent mantles, and need ' preliminary 
heating; though this entails very little time and 
trouble, and is more than compensated for by 
the clean white light obtained. Since pitching 
and rolling cannot possibly have any effect on 
the light, it is almost the ideal for sea-going 
craft. Once the pressure is pumped up in a 
suitable size of reservoir the lamps need no 
attention for hours, and the whole installation 
is not prohibitive in prime cost. In a fair-sized 
boat the reservoir might be placed in the engine- 
room under the engineer’s charge, and pipes be 
led away from it to the different burners. 

Acetylene Qas, 

There seems no reason why acetylene should 
not be used for lighting boats more often than 
it is. It is in general use on cars, and there 
are plenty of well-designed and safe generators 
on the market to choose from. There are al- 
ready a few boats — chiefly American — with acety- 
lene installations on board, but as there are only 
one or two firms who specialise in this line, the 
owner has generally to work out a scheme for 
himself, and get it fitted up under his own super- 
vision. No matter how many, or how few, the 
lights, a central generator should feed them all ; 
separate ones only mean trouble and increased 
danger. The generator .should always be placed 
outside. Under suitable protection from wind 
and weather it will not come to any harm, nor 
can it cause any — which is more important. 
From it a main pipe can be run through the 
boat, and branches taken off when required, or, 
as might be preferable, each burner might have 
its own connection direct to the generator, with 
a stop-cock at each end. 

An excellent generator for acetylene gas light- 
ing has recently been devised, which, for cleanli- 
ness, simplicity, and efficiency, has much to re- 
commend it. The system is of special interest in 
being particularly adaptable to small boats, and 
on account of the cleanliness of the generator 


and added brilliance of the light obtainable from 
acetylene it should prove a boon, especially when 
cruising. 

The apparatus consists of a simple cylinder 
with a slightly enlarged base to give stability. 



The top is closed by a stop-cock with nozzle for 
attaching a rubber tube connecting to the gas 
delivery pipe. A perforated pipe is screwed into 
the bottom of the cylinder, which is arranged to 
take out readily for cleaning purposes. For use 
the cylinder is simply filled about two-thirds full 
of carbide, leaving a gas space in its upper por- 
tion, and the whole apparatus is then plunged in 
a bucket of water, the bucket being then placed 
upon the deck or other well-ventilated position. 
The working of the apparatus is that water 
enters the central tube at its lower end, and 
reaches the carbide through the perforations, 
so that there is always a pressure of gas in the 
cylinder equal to the head of water from the 
top of the cylinder to the bottom of the tube. 
As soon as this pressure is exceeded, the pressure 
of gas drives the water out of the tube, and so 
prevents a further quantity of acetylene being 
generated, until the pressure falls to' its normal 
figure. These generators can either be had in 

substantial form, intended for recharging, or 
simply as cartridges, fitted with caps at the bot- 
tom, which have to be broken when required. 
“ Dissolved acetylene ” is an excellent alterna- 
tive that does away with all generator 
difficulties. 

VentilaHon. 

Since any light gives cat a certain 
amount ^ of heat — and smoke, too, if the 
combustion is not perfect — a smoke-catcher 
should always be hung above it, and in the 
case of acetylene some protected ventilation 
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to cari^ off any fumes to the 
outside. ITie accompanying il- 
lustration shows a type of burner 
for a small auxiliary yacht. Two 
acetylene burners are fed by the 
vertical centre support, which leads 
upwards through the roof to the 
deck. The pipe leading to the 
generator is right outside the cabin, 
as also is the generator. There can 
thus be no danger from leaky joints. 

A welltglass surrounds the burners 
—of which there are two or three, in 
order that no shadows may be cast — 
with a ventilator at the bottom. 

Above, a protected ventilator is fitted 
to allow any fumes to escape. The 
ventifator is connected to the central 
stop-cock, and both open and shut together. 
Thus, when the burners are alight the draught 
carries the heat and fumes up and out, and 
when extinguished any fumes can go no other 
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A safety acetylene burner. 

way, since the act of turning out the light 
closes the bottom ventilator at the same time, 

Electric Light. 

But though each and all of the foregoing 
systems have their peculiar advan- 
tages, electric light seems, above 
all others perhaps, particularly 
adapted for use on motor yachts. 

The A motor can be started and 
stopped so easily that it becomes a 
very simple matter to charge up a 
set of accumulators during off hours. 

The size of the dynamo installed 
of course depends upon the total 
caridle-power required. As a rough 
guide, one horse power will suffice 
to light from 10 to 12 16-candle 
power lamps, and a proportionate 
number of more or less powerful 
ones. If only incandescent lamps 
are used, the voltage— -the electrical 
equival^t of pressure— may be 
settled in an arbitrary manner, but 


if an arc-light projector is installed, it cannot 
be lower than 60 volts. 

Care should be taken that the wiring is pro- 
perly and efficiently carried out by a competent 
man ; it will pay in the long run. 
Boat work is hard on electrical stuff, 
and if the wiring is not up to 
standard, the insulation may lower 
badly and cause a deal of trouble. 
In a boat of any size the work 
should be put at once into the hands 
of a competent firm which has had 
experience in ^ship lighting. In a 
small craft this is no less essential, 
and unless the owner is a practical 
man he should be very careful if he 
decides to carry out the installation 
himself. The accumulators must 
be thoroughly protected from damp, 
and, to protect the surroundings, 
should be placed in a special locker 
with a lead lining, well soldered or 
burnt down the sides and round the 
bottom. In very small craft prefer- 
ence should be given to a type of cell with a 
semi-solid or gelatinous electrolyte. Acid in a 
liquid form may creep or spill and damage all 
surrounding textile matter, such as carpets or 
cushions. 



Vfaetbeftd and side'Ughts with tell-tale lamps. 
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Electric light can be fitted to the side and this by the extinguishing of the corresftoill&'gi 
masthead lamps better than any other illumin- tell-tale. To simplify^ matters double ' 

ant except oil, but in doing so all wires leading lamps might be used in the side and masthead, 

outside should be of the twin variety, lend lamps instead of two single filament globes. , ■ 

covered and connected up to watertight switches, A wiring diagram for masthead and side 

fuses and junction boxes. Each lamp should be lights, with their corresponding tell-tale lamps, 

fitted with two globes in parallel, so that if the is given on the previous page, 

filament breaks in one the light in the other Finally, It is worth while repeating the advice 

will remain on. It will be strange indeed if the alrendv given to have candles or oil-lamips — 

filaments of both should go within a few hours candles for choice perhaps—as a stand-by, atld 

of each other. As a further precaution two always to carry a complete set of good paraffin 

lowet voltage globes can be used in the lamps sideband masthead lights, as well as a spare 

and connected in series with a tell-tale lamp binnacle lamp. The sea is essentially the do* 

placed in the engine room or main cabin. If a main of the unforeseen,^ and bright, lights at 

lamp should go, the owmer is made aware of night are a necessity to existence afloat. 

See Board of Trade Regulations for reauiremeuts as to Navigation Lights. 



Upper deck of a typical Aioerican motor yacht, 
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HINTS FOR CRUISING. 

The fallowing chapter embodlea some notes for the information of the motor yachtsman who 
is preparing to start on an initial cruise ; many of the hints also apply to camping* Purthor 
‘ Information on several details will be found under the several beads In other chapters. 


Before starting on a sea cruise of any con- 
siderable length, one cannot devote too much 
careful thought to the preparations. The first 
matter for consideration is the amount of fuel 
required. This will, as a rule, differ very great- 
ly from the ordina^ consumption per mile in 
smooth waters. Consequently, if laying in 
stores for an extended cruise, first ascertain as 
accurately as possible the average fuel con- 
sumption of the motor per hour at full power 
and the speed of the boat. Then, by dividing 
the consumption per hour by the number of 
miles per hour, we should have the consumption 
per mile under favourable conditions. This 
amount, multiplied by at least twice the number 
of miles from port to port, gives the quantity. 
Even that is not too safe an estimate, and if 
there is sufficient stowage room, even more 
ought to be taken. The necessity for carrying 
all this fuel is due to the fact that on a cruise of 
more than a few hours’ duration round these 
coasts one is always liable to drop in for a 
strong head wind and its consequent sea, and 
as the fuel consumption per mile actually 
covered would thereby probably be doubled, 
such a contingency should always be reckoned 
with. Then again one has to consider the effect 
of adverse tides, which may greatly increase the 
mileage through the water if, owing say to a 
strong head wind, a tide is missed. 

Stores and Spares for the Motor. 

On no account should a cruise be undertaken 
without a good supply of engine stores, such as 
lubricants, waste material for making joints, 
asbestos, etc., also an assortment of spare parts, 
such as plugs, valves, valve springs, and per- 
haps some piston rings, although it would pro- 
bably l>e an awkward job to replace a piston 
ring at sea in a small boat unless the weather 
were fine. A small box of odds and ends, in- 
cluding^ nuts, washers, and split pins, with 
some pieces of sheet copper and a few pipe con- 
nections, will often save a lot of trouble when 
small breakdowns occur. Tools should, of 
course, be provided, but it should not be forgot- 
ten to give them and all iron or steel articles 
among the spares and stores a coat of vaseline 
or tallow before they are stowed away. A 
thoroughly eood and efficient anchor and a 
cable of ample length should be provided, while 
the addition of a light kedge and warp will fre- 


quently save a lot of trouble when it 'is desired 
to bring up in smooth water for a short time 
only. On any boat smaller than a motor yacht 
of considerable size, a good sweep should be 
carried, or in the case of boats under 30ft. a 
stout pair of oars and rowlocks. Most of the 
boats which make cruises round the coast are 
more or less auxiliaries, properly rigged and 
fitted with sufficient sail area to make them in- 
dependent of the motor in the event of a break- 
down, but when the boat depends solely upon 
motor power she should certainly be provided 
with a small mast and sail. 

Lights and Signals* 

A proper set of masthead, side, and anchor 
lights of fair size must be carried, otherwise 
trouble will very probably be experienced at 
night. If small or poor quality lamps are used 
they will not give enough light to be of any 
use, or most probably they will go out if there is 
the least bit of wind. In addition to a horn or 
an air whistle, a bell will always be useful, for 
one might have to anchor in a fog— a frying- 
pan beaten with a spanner does not make a 
bad substitute at a pinch. In emergencies a 
piece of waste, soaked in petrol and tied upon a 
piece of wire, makes a capital distress signal 
when lighted, but as there is always a grave 
danger of fire it should only be used in extreme 
cases. It must be remembered that the im- 
proper use of distress signals is visited with very 
heavy penalties. 

Clothing. 

In the matter of clothing, a blue serge suit 
and canvas shoes will fulfil all requirements ih 
ordinary weather, but on cold, windy days thm 
is nothing like a Danish kid suit such as is worn 
by motorists ashore. This substance not onf;^ 
keeps out the wind, but will stand a fair amount 
of rain and spray. Should, however, it pour with 
rain for some hours oilskins must be worn, fd^ 
Danish kid will, in course of time, betome 
sodden and let the wet through, A suit of dun- 
garee overalls should be kept for use wheki 
monkeying ” with the engine or other dirty 
jobs, and a sweater will often be found a com- 
fort. For head gear an ordinary yachting cap 
is de rigueur at such places as Cowes, but at 
the example of the hatless brigade is aH dM^el- 
lent one to follow. ^ ' * 
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Don't forget that the nights are generally 
very cold at sea, even in the height of sutnmeri 
so be sure to take plenty of warm dothes, a 
heavy overcoat for night watches, and a supply 
of thick blankets or rugs. Jaeger sleeping bags 
can be recommended in lieu of ordinary bedding. 

Stowing Stores for m Cruise, 

Before leaving port, see that all stores and 
gear are properly stowed, especially the fuel. 
If much long-distance cruising is anticipated 
when the boat is being built, it will be as well to 
fit extra large fuel tanks at once, but if the 
boat already has a fair~sized tank, it will not be 
worth while altering it just for one or two 
cruises. In this case, the spare petrol must be 
carried in its native tins, but they should always 
be carefully stowed out of the way and secure 
from damage. 

The amount of gear carried should be reduced 
to a minimum — the novice always takes a lot of 
useless things with him— and only such articles 
carried as are absolutely necessary. A mattress 
and sleeping bag for each person, which must 
be stowed away in waterproof kit bags during 
the day; a few cooking utensils, two Primus 
stoves, plates, cups, knives and forks, teapot, a 
can of oil, a two-gallon jar of water, candles, a 
few tea cloths, and a supply of cotton waste, 
should meet the requirements of the culinary 
and domestic department. 

The inventory should also include a good rid- 
ing light and a spare anchor and warp. Should 
the owner contemplate being under way at 
night, he mtist also carry a masthead light and 
combination red and green light in order to 
comply with the regulations fur the prevention 
of collisions at sea. No vessel, however small, 
should go to sea without a compass ; and, for a 
little boat, a liquid one will be found the most 
serviceable. Other articles likely to be of use 
are a hand-lead and line and a few tools, whilst 
a light bamboo rod of eight or ten feet in length 
will prove invaluable for taking soundings in 
shoal water. 

The Dinghy Problem. 

With a motor cruiser of five tons and up- 
wards, a dinghy is almost a necessity, but its 
presence on a long sea passage is a terrible 
nuisance sometimes. If it is towed astern, the 
painter is always trying to get round the pro- 
peller every time the yacht slows down, and 
the dinghy runs up alongside. Going astern 
becomes worse, especially if it is towing with 
the long painter necessary for rough sea work. 
Whenever there is a dinghy towing astern, 
someone should make it a duty to see that the 
painter Is shortened up and kept clear of the 
screw, as soon as the yacht is likely to have to 
slow up suddenly or go astern. Perhaps the 
best plan is to get it on board altogether if there 
is room (the cabin top is often a good place to 
stow it), but wooaen dinghies are rather 
awkward to handle on a small yacht. 


Stoves, 

The marine motorist who has had no experU 
ence of cruising or camping will probably 1^ ft 
a loss as to what form of cooking-stove to biayi^ 
and we ptopose to point out the advantages and 
defects which, in our opinion, attach to the 
various stoves generally in use on small craft. 
But let us first consider the question of fuel, 
The yachtsman has not a large selection ft his 
command, for. the only forms of fuel at all prac- 
ticable for the work are coal, coke, methylated 
spirit, and paraffin. Of these the hrst two can 
be dismissed in a few words, for a coal or coke 
stove intended for cooking purposes must be 
fitted with an oven. Such a stove is both large 
and heavy, and consequently only suitable tor 
craft of considerable size. Coal is, moreover, a 
very bulky form of fuel, and would occupy much 
valuable space which can ill be spared on a small 
motor boat Methylated spirit is clean, sto\\s 
in a small space, and gives great heat. On 
the other hand, it is rather costly, and not readily 
procurable at the small villages which the ma- 
rine motorist is likely to visit in the course of 
his travels. Paraffin, on the whole, is the best 
form of fuel available for use on a small yacht, 
for it is cheap, and can be procured anywhere. 
Moreover, if the motor be driven by piaraffin, as 
in a great many cabin craft, one tank will supply 
all requirements, as paraffin is undoubtedly the 
best and most convenient form of fuel for lights. 
Now let us turn our attention to the various 
types of stove on the market. 

The coal stove is quite unsuitable for small 
craft ; but on a fairly large yacht, with a roomy 
fo'castle, such a stove could be fitted fprward, 
and would not interfere with the comfort of the 
owner and his friends. The men, however, 
would probably complain bitterly of the heat 
during the summer months. For camping in 
an open boat, when every inch of stowage 
space is of importance, the old Boddington stove 
is a type which takes a deal of beating. It is 
very compact, and fitted in a galvanis^ box to 
protect the flame from draught. A set of rook- 
ing utensils so made that they fit inside of one 
another completes the cooking outfit. When 
not in use the utensils pack inside the case with 
the stove, and the whole concern occupies but 
little space. Methylated stoves, however, have 
at times a nasty knack of exploding, and al- 
though such an explosion seldom does mose than 
blow the WMck out of the stove, it might be the 
cause of setting the boat on fire. 

Paraffin stoves can be divided into two distinct 
classes— those with wicks and those of the at- 
mospheric wickless type. Of the former variety 
the Rippingille is the pattern most generally 
used, though in our experience there are others 
equally good. A characteristic to be guarded 
against in many paraffin stoves is their tendency 
to smoke after burning for some time and 
getting thoroughly warm. The remedy, is of 
course obvious ; the flame must be watch^ and 
turned down after burning a few minutes. 
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Rippinffille's Stove. 


A preferable wick stove is the “ Salamander,” 
This is very similar in appearance to the Rippin- 
gille, but has a peculiar form of burner, which 
produces a flickering blue flame somewhat akin 
to a Bunsen. It gives more heat than the or- 
dinary wick stove burner, consumes less oil, and 
is not so liable to smoke. The Salamander stove 
has a nice little oven, which will cook small joints 
or poultry admirably. Like all wick stoves, 
however, it requires cleaning and trimming, 
which is often an irksome task, particularly 
should it have to be done at the conclusion of a 
long passage. 

A type known as the Primus atmospheric oil 
stove is unequalled for small yacht work. It is 
very economical, compact, gives great heat, and, 
being wickless, requires no cleaning. The heat 
can be adjusted to a nicety, and if upset the oil 
does not come out. The Primus stove is nowa- 
days pretty well known, but for the benefit of 
those unacquainted with it a brief description 
may be of interest. There is a round brass oil 
reservoir standing on three legs, which are 
carried above the stove to form a rest for the 
cooking utensil. From the centre of the reser- 
voir rises a short tube, surmounted by the 
burner, and attached to the tube below the 
burng* is a little metal cup. In the reservoir is 
a small pump fitted with a valve for releasing 
the air pressure when desired. There is also, 
of course, a hole for filling the reservoir, which 
is closed with a screw cup, fitted with an india- 
rubber washer to render it air-tight. So much 
ior the stove itself ; and now to describe the 
modus operand!. The first thing to do is to fill 
the reservoir with paraffin and screw the cap 
down tightly.' Then the cup below the burner is 
filled with methylated spirit — it only requires 
-about a dessertspoonful — which is ignited. 
When the spirit has nearly burned away the 
valve must be closed, arfd a few strokes on the 


pump will cause the burner to light. Tlie I 
ciple is as follows Ihe flame from the methy- 
lated spirit burning beneath the bunder 
oughly heats the latter. '''When air is puiiip^ 
into the reservoir it causes the paraffin to rise in 
the tube, and, passing through the hot burner, 
the oil becoming vaporised issues from the 
nozzle in Ihe form of a gas, w^hich burns with a 
blue flame. The heat is intense, and the more 
the stove is pumped the hotter becomes the 
flame. When well pumped up the Primus stove 
will boil a quart of water in four minutes, and 
the flame, being free from carbon, does not 
black the cooking utensils. By means of the 
valve the heat can be regulated to a nicety. To 
reduce the pressure the valve is opened until the 
flame is of the desired size, when the valve is 
closed again. To put the stove out the valve is 
left open. With a reasonable amount of care 
the Primus stove seldom gets out of order, but 
occasionally the tiny hole in the nozzle of the 
burner becomes clogged and requires cleaning 
out with a special pricker, a supply of which 
always accompanies the stove. The chief cause 
of the burner being thus clogged is the presence 
of grit in the oil, and if, when filling the reser- 
voir, the paraffin is strained through a piece of 
rag the burner will seldom require pricking out. 
When lighting the stove one should be careful 
that no draught plays upon it, for if the flame 
from the burning methylated spirit be blown 
aside the burner will not be sufficiently heated to 
vaporise the oil. In such circumstances when 
the stove is pumped the oil emerges from the 
burner in its natural state, and a somewhat 
alarming flare up is the result. Should this 
happen the valve must be at once opened, when, 
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the pressure being relieved, the flame will sub- 
side to such proporticms as to allow of it being 
blown out. 

It is, of course, necessary to point out ^at 
this stove should be placed as far as possible 



An improred form of Primus titove. 


from the petrol tanks or from any part of the 
boat where petrol vapour is liable to accumulate. 

An improved form of this stove has recently 
been introduced which seems particularly suit- 
able for small boat work in that it has two 
burners. As it is often necessary to use two cook- 
ing utensils at once this double stove will answer 
the purpose admirably, and will occupy less space 
than would two single ones. The majority of men 
who go down to the sea in three-tonners are con- 
tent to confine their cooking operations to fry- 
ing and boiling, consequently a large stock of 
utensils is not necessary. The chief articles 
wanted will be a good-sized frying pan, a kettle, 
and a double saucepan. The frying-pan should 
be of the good old-fashioned iron type, for the 
enamelled ones are little short of a nuisance. 
They invariably have a convex bottom, and 
all the gravy running to the sides, the 
succulent steak, or whatever it may be, is 
burnt. By the use of a double saucepan two 
vegetables may be cooked at once, or it can be 
used as two saucepans if so desired. The 
saucepan and kettle should be enamelled to pre- 
vent rusting. The marine motorist should on 
no account be led into buying aluminium cook- 
ing utensils, or, for that matter, anything 
fashioned of that metal, as it will not stand salt 
water. With the aid of a wire gauze toaster, 
such as can be procured at most gas-stove shops, 
excellent toast can be made over a Primus stove. 
As a motor boat is seldom heeled over like a 
sailing yacht, it will not be necessary to have 
the stoves slung in gimbals, yet it is advisable to 
have them securely fixed so that they will not 
capsize when under way or brought up in cough 
weather. 


There is a very ingenious stand now suppM 
lor the Primus stove. It consists of a wooden 
base, which is fastened down to the cabin floor 
with a couple of screws. The base has three 
curved bits of metal fixed to it, which flrmly 
grip the legs of the stove. All one has to do is 
to stand the stove on the base and give it a haH 
turn, which causes the legs to engage in the 
pieces of metal. A special top for the stovc^can 
also be had, which prevents the cooking utensil 
from slipping off. With the aid of these imple* 
ments one should experience no difficulty in cook- 
ing Cinder way, except perhaps in a very rough 
sea. 

ProviMioning* 

Never start on a cruise without sufficient pro- 
visions to last all hands for several day%, and 
water enough for a week, as one never knows 
what may happen. Boats may easily get blown 
out to sea and be unable to make a port for 
some days. In small boats the water is best 
kept in stone jars covered with wicker cases, 
but on yachts it is usual to keep it in a tank. 
This tank should always be cleaned out and re- 
filled before starting. It is not advisable to at- 
tempt to keep enough fresh meat on board to 
last several days, as the accommodation for 
keeping it fresh on a boat is by no means good. 
With bread the same difficulty of storage is ex- 
perienced, so the bulk of the breadstuffs should 
be biscuits. Good, lightly salted butter in a jar 
and some Dutch cheese will keep for a long 
time, and they are a great standby in bad 
weather when no one has time to get a proper 
meal. 

The catering question is always a difficult one, 
but the great secret is to get fresh meat as often 
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as possible. Stiil, one must lay in a stock of 
canned goods for emergencies, and it makes all 
the difference wliether a good brand be procured 
or otherwise. Amongst the best things put 
up in tins are steak and kidney pudding, 
tongues (both ox and sheep), various curries, 
also lobster, sardines, apricots, pineapples, 
and pears. A good stock of bacon (cut in 
ra&hers) and eggs should be carried for break- 
fast purposes, and as fresh milk is often not 
readily procurable a supply of condensed milk 
must be laid in. One or other of the unsweetened 
brands will be found excellent for those who 
do not care for sugar in their tea. As 
regards bread and butter, half a loaf per head 
of the former and 20z. of the latter per diem 
should be a sufficient allowance. It is often 
difficdlt to make up one’s mind on the question 
of lunch, but if one has a good dinner of fresh 
meat in the evening a light mid-day meal will 
suffice. For this purpose a stock of potted 
meats, biscuits, and cheese should be laid in, 
and of course one must not omit from the cater- 
ing list such indispensable items as jam and 
marmalade. Thermos and Calorit bottles are 
also extremely handy for preserving or prepar- 
ing hot soup, etc., at short notice or when no 
fire or stove is available. 

Cabin Fittings, 

As the marine motorist will spend a good deal 
of his time in the cabin he should take pains to 
make it as comfortable as possible, and with this 
end in view he will be well advised to devote 
some little attention to the question of cushions. 
There are two substances eminently suitable for 
stuffing purposes. The first of these is horse- 
hair, which is expensive but eminently satisfac- 
tory ; the other is Kapok, which is a species of 
Australian cotton. It is far cheaper than horse- 
hair and possesses certain desirabfe features 
which are wanting in the latter. Kapok is won- 
derfully light and soft and does not mat with 
use. It has, moreover, extraordinary floating 
capacity, and has been adopted by the Board of 
Trade for life-saving appliances. Cushions 
stuffed with Kapok, therefore, also serve the 
purpose of lifebuoys and enable one to 
dispense with the usual cork buoys, which al- 
ways seem to be in the way. The very 
worst* material that one can use for stuffing 
cushions is flock ; for, if they once get wet with 
salt water, they will ever after be damp. One 
can take flock cushions that have been wetted 



with salt water and dry them in front the 
fire until th 6 y seem to bi bone dry; hot, on the 
first appearance of damp weather, they tVIU be 
sopping wet again. For covering jpurposes one 
cannot do better than use an artif^al leather, 
such as Pantasote or Pegamoid. Pantasote 
wears well, is impervious to damp, and is not 
easily scratched. The ordinary buttons used for 
upholstering purposes are made of iron covered 
with leather. These seem quite unsuitable for 
boat work, as the iron rusts and rots the thread 
with which they are secured. The consequence 
is that the cushions begin to shed their but- 
tons after a few months’ use, and then speedily 
get out of shape. Bone buttdhs would be far 
more serviceable, and if of the same colour as 
the cushion would not look unsightly. The bunk 
cushions, by the way, should be divided in such 
a manner that the lockers can be opened without 
moving the whole cushion. 

For bed clothing the marine motorist cannot 
do better than use the Jaeger sleeping bags 
which have already been referred to, andlf such 
a bag be not sufficient, a ^ood travelling rug 
will be found a useful addition. To ensure a 
comfortable night’s rest a soft pillow is indiS' 
pen sable. A small down pillow such as is used 
in a baby’s perambulator answers admirably, 
for it is easily stowed within the cot when not 
in use. As, however, this will not of itself be 
sufficient, a Kapok lifebelt pillow should be used 
in conjunction with it. 

inventory. 

The following is an inventory of such articles 
as are likely to be wanted in connection witih 
the domestic economy of a small motor cruiser, 
compiled for a party of three ; — 

Blankets and pillows, three towels, three white 
table-cloths, half-dozen tea-cloths, half-dozen 
glass-cloths, two dusters, chamois leather, 
cotton waste for washing up, knife board, 
good pattern stove of suitable size, with holdfast 
stands, frying pan, double saucepan, bowl for 
washing up, saucepan brush, methylated spirit 
for stove, oil for ditto, clothes brush, three large 
plates, three small plates, three cups and sau- 
cers, three egg cups, two dishes, butter dish, 
one jug, one teapot, air-tight bottle for salt, 
pepper castor, tins for tea, coffee, and sugar, 
three tumblers, three large knives, three small 
knives, three forks, three dessert spoons, three 
tea spoons, corkscrew and can opener, bucket, 
bailer, mop, water breaker, egg box, clothes, 
and provisions. 
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SIMPLE NAVIGATION 


Navigation is the science of finding a vessel’s 
position at sea and of conducting a voyage from 
one place to another by pre-determining the dis- 
tan<;e to be made and the course to be steered, 
having due regard to local influence. 

There are two branches of this science, viz. ; — 
(i| Navigation by dead reckoning and cross 
bearings. 

{2^ Navigation by observation of the sun, 
stars, etc. 

As it is more than likely that the ordinary 
motor-launch owner would not have a chance of 
navigating his craft by means of taking ob- 
servations of the sun, stars, etc., for finding his 
position (this system being in vogue when a 
vessel is out of sight of land"), we suggest that he 
should study navigation by dead reckoning and 
cross bearings, which is all that is necessary for 
coastal and channel cruising. 

This method, which we intend to follow, con- 
sists in actually measuring the courses and 
distances made by the vessel, and from them 
computing the distance and direction between 
the port of your departure and the goal of your 
desire. 

The principal instruments used in dead 
reckoning are the Compass, Log, and Lead line. 

The compass shows the direction in which the 
vessel is travelling ; the log measures the speed 
or distance. The lead is used when on sound- 
ings to measure ihe depth of the water and to 
ascertain the character of the bottom. These 
data, when referred to the chart, throw valuable 
light on the question of the vessel’s position. 

When approaching a coast in thick weather, 
or on a dark night, the prudent navigator will 
use his lead frequently. 

In addition to these instruments the navigator 
requires for all his work accurate charts of the 
waters in which he may be cruising. 

The Compass. 

The Mariner’s Compass is the first instrument 
with which the student must make himself 
thoroughly familiar* It is presumed that he has 
seen a compass, therefore its construction, etc., 
need not be described. The card is the part 
which is most important to the student. 

A compass card is shown on this page which 
will give all the necessary information with re- 
gard to its details. The student should learn by 
heart all the points and quarter points, so as to 
be able to “ box ” the compass. 

There are four 'principal quarters or divisions 


of the compass card — corresponding to the 
cardinal p'oints, north, south, east, and west. 
Each is sub-divided into eight equal parts called 
“points”; the intervals between these points 
are further sub-divided into half and quarter 
points. In learning the compass it is well to 
remember that N. and S. are more- important 
points than E. and W., hence the octants are 
N.E., N.W., S.E., and S.W. Again the inter- 
mediate points are N. by E., N.N.E., N.E. by 
N., N.E., N.E. by E., E.N.E., E. by N., E., and 
so for the other quadrants. 

On ocean-going vessels the compass card is 
divided into 360 equal parts known as degrees 



(written 360°), and the practice on board such 
ships is to set the course to the nearest aegree 
bearing on their destination, by which great 
accuracy is assured, as will be readily under- 
stood. Such accuracy, however, is not required 
for home water cruising or coastal sailing, it 
being as a rule quite sufficient to steer to the 
nearest quarter point. 

A point worth noting is that on big vessels it is 
quite unusual to express a compass course by its 
appropriate name, the rule being to express lit as 
so many points and quarter points from north 
or south. 

In this way N.W, by N. J N. would be roferrad 
to as N. 2| W., or, E. J S., would be expressed 
as S. 7} £., but, though £. might be called S. 
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N.W. Quadrant. 

N.E. Quadrant. 

S.W. Quadrant. 

S£« Quadrant* . 


Number 



Number 


Kama of Bearing or 

of PoLita 

Name of Bearing or 

Name of Bearing or 

of Points 

Name of Bearing or 

Course. 

from 

Course. 

Course. 

from 

Course. 


North. 



South. 


North 

0 


North 

West 

8 


East 

N. i W. 

i 


N. 2 E. 

W. 2S. 

72 

£. 2 S. 

N. i W. 

i 


N. 2 E. 

W. 2S. 

72 

£. 2 S. 

N. 2 W. 

i 


N. 2 E. 

W. 2 S. 

74 

E. 2 S. 

N. by W. 

1 


N. by E. . 

W. by S. 

^7 


E. by S. 

N. by W. i W. 

12 

N. by E. 2 E. 

W. by S. 2 S. 

62 

E. by S. 2 S. 

N, by W. i W. 

12 

N. by E. 2 E. 

W. by S. 2 S. 

62 

E. by S. 2 S. 

N. by W. 2 W, 

12 

N. by E. 2 E. 

W. by S. 2 S. 

62 

E. by S. 2 S. 

N.N.VV. 

2 


N.N.E. 

W.S.W. 

e 


E.S.E. 

N.W. by N. 2 N. 

22 

N.E. by N. 2 N. 

S.W. by W. 2 W. 

52 

S.E. by E. 2 E. 

N.W. by N. h N. 

22 

N.E. by N. 2 N. 

S.W. by W. 2 W. 

52 

S.E. by E. 2 E. 

N.W. by N. i N. 

22 

N.E. by N. 2 N. 

S.W by W. 2 W. 

52 

S.E. by E. 2 E. 

N.W. by N. 

3 


N.E. by N. 

S W by W. 

5 


S.E. by E, 

N.W. 2 N. 

32 

N. E. 2 N. 

S.W. 2 w. 

42 

S.E. 2 E. 

N.W. i N. 

32 

N. E. 2 N. 

S.W. 2 w. 

42 

S E. 2 £. 

N.W. J N. 

35 

N.E. 2 N. 

S.W. 2 W. 

42 

S.E. 2 £. 

N.W. 

4 


N.E. 

S.W. 

4 


S.E. 

N.W. 2 W. 

42 

N.E. 2 E. 

S.W. 2 s. 

31 

S.E. 2 S. 

N.W. 2 W. 

42 

N.E. 2 E. 

S.W. 2 s. 

32 

S.E. 2S. 

N.W 2W. 

42 

N.E. 2 E. 

S.W. 2 S. 

32 

S.E. 2 S. 

N.W. by W. 

5 


N.E. by E. 

S.W. by S. 

3 

: 

S.E. by S. 

N.W. by W. 1 W. 

52 

N.E by E. 2 E. 

S.W. by S. 2 S. 

22 

S.E. by S. 2 S. 

N.W, by W i W. 

52 

N E. by E. 2 E. 

1 S.W. by S. 2 S. 

22 

S.E. by S. 2 S. 

N.W. by W. 2 W. 

52 

1 N K. by E. 2 E. 

S.W. by S. 2 S. 

22 

S.E. by S. 2 S. 

W.N.W. 

6 


1 E.N.E. 

S.S.W. 

2 


S.S.E. 

W. byN. 2 N. 

62 

E. by N. 2 N. 

S. by W. 2 W. 

If 

S. by E. 2 E. 

W. by N. 2 N. 

62 

1 E. by N. 2 N. 

S. by W 2 W. 

12 

S. by E. 2 E. 

W. by N. 2 N. 

62 

E. byN. 2 N. 

S. by W. 2 W. 

14 

S. by E. 2 E. 

W. by N. 

7 


E. by N. 

S. by W. 

1 


S. by E. 

W. 2 N. 

72 

E. 2 N, 

S. 2 W. 


1 

S. 2 £• 

W. 2 N, 

72 

E. 2 N. 

S. 2 w. 


2 

S. 2 E. 

W. 2N, 

72 

E. 2 N. 

S. 2 W. 


4 

S. 2E- 

West 

8 


East 

South 

c 


South 


S E., or N. 8 E., it would of course be referred 
to as simply E. The accompanying table will 
be found valuable and facilitate changing com- 
pass courses and bearings into points* 

Until he is master of all these points and their 
relation to one another he should go no further. 

Variation* 

The north point of the compass indicates true 
or geographical north at only a few places on 
the globe. At all other places it points a little 
to one side or to the other. 

This error is called variation of the compass. 
In c]iart sailing it is not necessary to make 
allowance for this variation. The amount of 
allowance and its direction are indicated on the 
compass cards printed on the charts. 

The north point will be found slewed a little 
to the eastward or westward of true north and 
near , it will be seen an inscription such as 
variation ii deg. W. in 1900. Variation may be 
explained as follows 

** Let an outer circle represent the sea horizon, 
and an Inner circle the compass card. The varia- 
tion is one point westerly. Hence the north 
point of the compass points to north by west 
point of the horizon. In other words, standing 
In the centre of these circles and looking towards 


the circumference you find that every point ot 
the compass is one point to the left of the proper 
place. If your compass says you are sailing 
north you are really sailing north by west.** 
Hence we get this rule : — 

To Correct a Compass Course . — When the 
variation is westerly , the true course will be ^is 
many points to the left of the compass course as 
there are points of variation. 

When the variation is easterly the true course 
will be as many points right of the compass 
course. 

Deviation. 

In addition to the magnetism of the earth, 
which affects all compasses alike, no matter how 
situated, we have to contend with deviation, 
which is a local error caused by the influence of 
neighbouring iron or steel, such as the motor 
itself or pipes, anchor and chain, shafting, etc. 
In vessels built of either of these materials the 
influence is great, and no compass on board 
such a vessel is ever quite correct, except pos- 
sibly on one or two courses. As the compass 
card does not turn with the vessel when her 
course is altered, it follows that the mass of 
metal of which she is composed assumes new 
relations to the needle of the compass, and that«,. 
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m a rasuUt the errpr caused by deviation must 
change whenever the course is changed. 

This is what makes the problems arising from 
deviation very troublesome, and it makes it 
necessary to ascertain the amount of error on 
each course. 

It is customary in merchant vessels to use 
compensated compasses. Before leaving port an 
expert called a compass adjuster ascertains the 
amount and direction of the deviation on the 
principal courses, and endeavours by introduc- 
ing magnets in appropriate positions in the im- 
mediate vicinity of the compass to counteract it. 

A certain amount of error always remains. 
This is noted by the adjuster, who furnishes the 
master of the ship with a table of residual 
errors, showing the amount and direction of 
the deviation remaining on each course after 
adjustment. 

The corrections for deviation are applied in 
exactly the same way as those for variation. Use 
the same wles 

- Lo^» ' 

There are two kinds of logs, the chip log and 
the patent or towing log. The latter is the most 
convenient for our purpose. 7'he patent or tow- 
ing log consists of a dial fixed on the taffrail, a 
line and a rotator of screw propeller form. The 
action of the water on the rotator, which is at 
the end of the line and thrown overboard, causes 
the line to make a certain number of twists a 
minute. These twists are proportional to the 
speed of the vessel, and they move the ma- 
chinery of the dial, which records knots and 
fractions of knots. Directions for the use and 
care of patent logs are given by the dealers. All 
patent logs are liable to error, especially at low 
speeds. The rotator slips sometimes, and that 
underrates the distance. Usually, however, they 
overrate it. 

When using the log you must allow for cur- 
rents. If you are going against a current, the 
rate of which is known, you must deduct its rate 
from that recorded by the log. If you are going 
with the current you must add its rate. 

Directions for making allowance for currents 
setting diagonally across the course will be given 
later on. 

Lead Line. 

The lead is used to ascertain the depth of the 
water, and, when necessary, the character of 
the bottom. The hand lead is all that is neces- 
sary for our purpose. 

The lead weighs about 81b., and has markings 
to 20 fathoms (120ft.). 

The hand lead is marked thus : — 


2 

3 

5 

7 

10 

13 

15 

17 

20 


fathoms 2 strips of leather. 

3 „ M 

,, a white rag (bunting). 

„ a red rag 

,, a piece of leather with a hole in it. 
,, same as No. 3. 

-- -- No. 5. 

M „ No. 7. 
with 2 knots. 


The hand lead should be hollowed out on the 
lower end, so that an “ arming ” of tallow can 
be put in. This will bring up a specimen of the 
bottom, which should be compared with the de- 
scription found on the chart. 

Charts, etc. 

It is hardly necessary here to give a complete 
description of a chart with all its meanings, 
etc. The following particulars should suffice : — 

A chart is a map of an ocean, bay, sound, or 
other navigable water showing the formations 
of the coasts, heights of mountains, the depth 
of water at low tide, direction and velocity of 
currents and tides, location, character, height, 
and radius of visibility of all beacon lights, light- 
ships, etc., location of rocks, shoals and buoys, 
and the nature of the bottom wherever spund.. 
ings can be 'obtained. The top of the chart is 
generally north. If for any reason, otherwise, 
north will be indicated by the north point of the 
compass card printed somewhere on the chart. 

The following particulars of charts can be 
learnt from a nautical almanac : — 

Abbreviations on charts. 

Lights and lightships. 

Soundings. 

Arrows indicating tidal currents and direc- 
tions. 

By means of the chart, the navigator may at 
times sail along a coast in clear weather without 
having recourse to any other instruments of 
navigation than the compass and lead line. The 
instruments used in consulting the chart are a 
parallel ruler and a pair of dividers. Parallel 
rulers are generally made of ebony. They arc 
connected by cross pieces of brass or other non- 
corrodible metal, working on pivots in such a 
way that the rilcrs may be spread apart or 
pushed together, but will always lemain parallel 
to each other. There are other forms of parallel 
rulers, such as a ruler of ebony with bevelled 
idges, made to run parallel with the edge of the 
ruler by means of two rollers that are let into 
the ruler so that the lower part of the rollers 
may I'oll on the chart. 

The foimer kind are the best for the purpose, 
as they are not so liable to shift if they liave to 
be moved over a crease in the chart. 

They are used to determine the direction of 
courses. For instance, you wish to find the 
course, say, from Beachy Head to the Owejs 
lightship. Lay the parallel rulers so that one 
edge cuts both places. Now slide first one rule 
and then the other, holding the unmoved one 
dow/n firmly so as to retain the direction till the 
edge cuts the centre and circumference of tlie 
nearest compass printed on the chart. The 
edge, if the direction has been preserved, will 
indicate the course. 

The student must remember that the variation 
is allowed for on the compasses printed on the 
chart, so that the above process is made more 
straightforward and simpler, except in the cases 
where the variation increases and decreases sr 
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ittttch « : y®ar »ft«r the chart has been puhUshed. 
this varfaticn is generally to be found amongst 
the particulars of the chart near the title. 

Ih© dividers are used to measure distance. 
On small charts take your distance .from the 
scale of nautical miles; on large ones from the 
latitude scale at the side of the chart. A minute 
of latitude is always a mile, because parallels of 
latitude are equidistant at all parts. 

Chart Sailing. 


To find the position of the vessel. — ^The best 
method is that by cross bearings. Select two 
clearly-defined objects marked on the chart, so 
far apart that each will bear 
close to 45"" off the ship, but in op 
posite directions. Take accurate v* ^ 1 










Chain of sonndlngB. 


bearings of each. Correct the bearings for devi- 
ation. Then with the parallel rulers carry the 
bearings of the object from the compass card on 
the chart to the object itself,* and rule a faint 
line with a pencil that can be rubbed out. Do 
the same with the other object. ^ The inter- 
section of the two lines will be the position of the 
ship at the time the sights were taken. 

It would be as well to introduce another in- 
strument at this point. The instrument we have 
in mind can be described thus : — It is an arm 


on the chart, you can give the helmsman the 
course, which has been asoeitakied by the pesel* 
lei rulers according to the methods already 
described. 

To find a vessels position when sailing along 
the coast, — Take a compass-bearing of a light or 
other prominent object when it is 2, 3, or 4 ^nts 
off the course. Take another bearing when it he* 
doubled the first, and is 4, 6, or 8 points off the 
course. The distance run by the vessel between 
the two bearings will be her distance from the 
observed object at the second bearing. The dis- 
tance run between these points must be observed 
by the taffrail log. 

How to use compass, log, and lead in a fog . — 
Take a f)iecc of tracing paper and rule a meridian 
on it. Take casts ol the lead at regular inter- 
vals, noting the time at which each cast is taken 
and the distance logged between the two. A 
five minutes interval is sufficient between the 
casts. The compass shows the course. Now 
rule a line on the tracing paper in the direction 
of your course. Measure off on it by the scale 
of miles of your chart the distance run between 
the casts. Opposite each cast note the time and 
the depth obtained. It is a good thing also to 
add the character of the bottom. Now lay your 
tracing paper on the chart, which can be seen 
through it, in the neighbourhood of the position 
ypu believed yourself to be in when you made 
your first cast. If your chain of soundings 
agrees with those on the chart right under your 
course, all is well. If not, move the tracing 
paper about, keeping the meridian line due 
north and south, till you find the place on the 
chart that does agree with you. Tnat is where 
you are. You will not find two places where you 
can get that chain of soundings on the same 
course and at the same distances. 

It must be remembered that all soundings 
must be added to, or subtracted from, according 
to the height of the tide at the time the sound- 
ings were taken. 

Here follows a diagram which can in nearly 
all cases be used to find the rise and fall of the 
tide 


with an upright at each extremity. It is ar- 
ranged so that these uprights are directly oppo- 
site one another, outside the circumference of 
the compass. Each upright is slit down the 
centre. In both is stretched a perpendicular 
hair, ^ so by laying the instrument on the glass 
cover of the compass and aligning the two hairs 
on the object, one can get an accurate bearing 
by looking down through another slit in the arm 
fitted with a horizontal hair which is directly 
over the bearings indicated by the aligning of 
the two hairs. 

The student will fully appreciate the use of 
this instrument in the method we have described 
in finding the position of a ship by taking bear- 
ings. 

Having established the position of your ves- 
sel by cross bearings or by running dose aboard 
Qf ^ lightship or buoy whose position is marked 



Diagram for finding rise and fidl of tide. 
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The Vnifoffnal System pf Buoyage , — ^The 
iiriiicipal arrangements of the system are as 
inllow: — Channel buoys are understood to be 
marked, from sea entering inwards or with the 
main stream or flood tide. 

Conical Buoys, coloured red, are always to 
be left on the starboard hand. 



Conical buoy. 
(Starboard hand buoy.) 



Beacon buoy. 
staff and \glob0 (Starboard 
hand buoy). 


Can Buoys are port hand buoys, and will be 
found painted with horizontal rings or vertical 
stripes, or sometimes chequered, the chart giv- 
ing the nature of the painting in initials along- 
side the buoy, such as B.W. Ch., which indi- 
cates a black and white chequered buoy, whilst 
R.W. St. would mean a red and white striped 



Gan buoy. 

(Port hand buoy.) 


Beacon buoy. 

staff and cage (Port hand buoy). 


buoy. Similar can buoys are also placed on 
spits of banks intervening between channels or 
middle grounds. The figures following the 
Colour of the buoys on charts indicate the depth 
of water in fathoms in which they are at low 
water, spring tides. 

Beacon Buoys . — Buoys surmounted by a staff 
and globe indicate starboard hand buoys, a staff 
,and cage indicates port hand, whilst buoys with 
a staff and triangle are placed at the inner ends 
of middle grounds and at the outer ends a staff 
and diamond buoy. 




iHllar or BeU Buoys (sounding by the action 
of the sea on the buoys) are used as special or 
fairway buoys. Gas budys are used to mdleate 
the channel at night, and may be either steady 
light or flashing, popularly known amongst sea* 
men as “ blinkers ** These buoys are of various 
shapes and styles^. 




Two types of gas buoys. 


Buoys marking submarine telegraph cables 
are coloured green. Wreck buoys (or ships 
marking wrecks) are also green. 

Buoys at their best can only be looked upon 
as aids to navigation. Navigators should al- 
ways verify their position by the bearing of 
lights or other objects on shore or by lead,* as 
buoys, especially in exposed situations, are liable 
to shift their position 


Navigation Tabiea and Form u iso. 
Distance by Vision. 


Altitude 

Distance 

Altitude 

Distance 

(feet). 

(miles). 

(feet). 

(miles). 

1 

1.06 

60 

8.24 

2 

1.50 

65 

8.58 

3 

1.84 

70 

8.89 

4 

2.13 

75 

9.21 

5 

2.38 

80 

9.51 

6 

2,50 

85 

9.80 

7 

2.81 

90 

10,09 

8 

3.01 

95 

10.36 

9 

3.19 

100 

10.65 

10 

3.36 

110 

11.15 

15 

4.12 

120 

11.65 

20 

4.76 

130 

12.12 

25 

5.52 

140 

12..58 

30 

5.82 

150 

13.03 

35 

6.29 

360 

13.45 

40 

6.73 

170 

13.87 

45 

7.13 

180 

14.27 

50 

7.52 

190 

14.66 

55 

7.89 

200 

15.04 


To ascertain the distance of a light from the 
observer, approximately : —Knowing the height 
of the light, add to this value the height of the 
observer above the sea level, and opposite tlie 
sum of these heights you will find the distance 
of the observer from the light. The altitude of 
any light should be corrected for the rise and 
fall of tide. 

Here follows another simple method of finding 
the distance from an object, as recommended by 
W. B. Duncan, Nautical Teacher of South 
Shields. 

^ Suppose you see a light unexpectedly. The 
sight makes you anxious ; you w-ant to know its 
distance from you. At once haul it abeam ; ypa 
cannot approach it then. Go on that course un*- 
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til it is ooe point abaft the beam. Then hve 
times the distance you have gone since altering 
the course will fee nearly the distance of the light 
from you. 

DUtsacc by Sound, 

This table may be useful in determining dis- 
tances by the time intervening between visible 
phenomena, such as the vapour from a whistle or 
the flash of a gun, etc., and the audible blast or 
report. The table may be further used in deter- 
mining the distance of a storm. ^ , 

This table gives distances in miles for inter- 
vals from one to ten seconds at an average sum- 


mer temperature. 

Interval (seconds). 
1 

• 2 

3 

4 

5 

6 

7 

8 
9 

10 


Distance (ixiilas). 
.21 
.42 
.63 
.85 
1.06 
1.27 
1.48 
1.70 
1.91 
2.12 


To find the vessel's position hy longitude . — 
This method entails the use of an accurate watch 
or chronometer, which must register Greenwich 
time. British navigators reckon their longi- 
tude east or west from the Greenwich meridian, 
and, as we shall see later, the computation of 
longitude consists in ascertaining the difference 
between the time at Greenwich and the time 
aboard the vessel. 

Before proceeding any further the student 
should learn how to convert longitude into time, 
and vice versa. The conversion is based on the 
fact that the sun takes 24 hours to pass round 
the 360° of the earth’s circumference. Divide 
360 by 24 and you get the number of degrees 
he passes in one hour, viz., 15°. Therefore, 15® 
of longitude = i hour, and i” = of an 

hour, or four minutes. 

To convert lime into longitude, multiply the 
hours by 15 to get degrees. Divide the minutes 
by 4 and add the quotient to the number of de- 
grees. If any minutes are left over, multiply 
them by 15. Divide the seconds by 4 and add 
the quotient to the minutes. Finally, multiply 
the remaining seconds by 15. 

Example : Turn ^hr. 2omin. losec. into lon- 

4)20(5° 4)10(2* 

20 8 


gitude. 

15 


25 ... 2 X 15 =30* 

5“ — — 


75 

5 


80 * 

Answer. — Longitude = 80* 2*30*. 

To convert longitude into time : Multiply each 
member of the quantity by 4 and divide by 60, 
lidding any figures left over to the result obtained 
from the next number to the right. 


So now we have a metnod by which the 
dent can in one way verify his position when he 
is sailing either due east or weet Sav, for in- 
stance, we are proceeding down channd at night 
or in a thick haze, and we wish to know if we 
have gone past a certain landmark, aU we need 
do is to make use of the above rule, in conjunc- 
tion with the local time, e.g., the ship timei So 
now we can rule a faint line north and south on 
the chart at the point of longitude which we have 
worked out, and know that the vessel must be 
somewhere on that line. For any further exact 
knowledge of the vessel’s position, we would 
have to go into the intricacies of latitude. As 
we wish to avoid this, the student muet wcsk 
out his position with what knowledge he has of 
the course he is on, and keep a bright k^kout 
for any landmark or lightship which will show 
him where he is. 

To find the Time of High TFafer.— To find the 
time of high water at full and change, as shown 
by the Roman numerals on the chart, add 49 
minutes for every day that has elapsed since full 
or change, the sum being the p.m. tide for 
the day. 

High Tide ut any Port 

In the Admiralty tide tables (of which we re- 
commend every owner to obtain a copy), under 
the head of “ Tidal Constants,” a list of all the 
ports of any importance in home waters is given. 
In the column headed “Standard Port for Refer- 
ence,” opposite to your proposed port will be 
found the name of one of the “ standard ports,” 
as they are called, and in the column headed 
“ Time ” will be found also opposite to your port 
figures denoting hours and minutes, with the 
sign -f- (add) or — (subtract) affixed to ^em. 
These figures are known as tidal constants. 
Now turn to the pages giving the a.m. or p.m. 
tide for the day at the standard port, and when 
found (according to the + or — sign annexed to 
it) either add or subtract the tidal constant for 
your port ; the result will give you the time of 
high water. 

Care must be taken, however, to remember 
that when the tidal constant is -f , and the result 
of adding it to the time of high water which is 
given at the standard port exceeds 12, then 12 
must be deducted from that result for the pur^ 
pose of getting correct time. On the other hand, 
if the constant given is — , and is larger than 
the number indicating the time of high water at 
the standard port, then 12 must be borrowed. 

How to allow for the Set and Drift of a 
Current (diagram i).— Let A represent the 
ship’s place on the chart and D her destination, 
join A D, then the line A D is the course re- 
quired to be made good. ^ From A draw a line 
A B in the direction in which the current sets 
and equal to the distance it runs in one hour, 
then take with the dividers the distance the sliip 
will log in one hour, and place one leg of the 
dividers at B, letting the other leg rest on the 
true course A 0 , at a point ,C ; join B C, The 
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diroctlQii of the line B C taken to the nearest 
compass on the chart is the course to steer from 
A in order to counteract the current A B, and 
make good the true course A C. 

Again, to determine the effect of the tide upon 
a ship’s course, suppose the ship steers a N.E. 
by E. course, steaming at the rate of 10 knots, 
or from A to B (diagram 2), and suppose the 
tide to run north four miles an hour, or from B 
to C, by laying off these as two separate courses. 



it will be seen that the course made good is from 
A to C, or N.E. J N. i2f miles. 

Again, when shaping a course through a tide 
the operation is reversed; thus, in diagram 2, 
if the course to be sailed had been N.E. I 
N., the allowance of ij points to the right for the 
tide would make the course to be steered N.E. 
by E. 

If the tide is marked 3 knots on the chart at 
springs, at the ist hour, 2nd hour, 3rd hour, 
4th hour, 5th hour, take i knot, 2 knots, 3 
knots, 2 knots, i knot. If it be neap tides, take 
one-third from each of the quantities. 

As a rough general rule, a vessel in the fair- 
way of the channel will be carried at springs 
in one whole tide about 9 miles, and at neaps 
about 6 miles ; but nearer the land on either side 
the rates may increase. 



To Berth Your Vessel of an Anchorage.^ 
Select the spot on the chart where you wish td 
let go your anchor. Note the depth of the wat^ 
at mean low water (soundings are always 
marked •for this state of tide), and have yout 
anchor chain or cable overhauled for at least 
three times that depth. Draw a circle round 
the spot where you intend to anchor, with a 
radius of the same length as the chain or chble 
you have overhauled. See if you will have 
swinging room at all points of the circumference 
of tlije circle, and also plenty of room to get 
away, with the wind in any direction, for you 
may not be able to bring up just at the centre of 
your circle. 

If possible, mark two cross bearings at right 
angles, in pencil, through the centre of your 
circle, so as to align with two separate double 
bearing marks such as houses on the shore (see 
sketch, p. 282). When you get these two bear- 
ings in line let go your anchor. After anchoring 
ascertain your exact position by new cross bear- 
ings and note the same in your log. 

Signals, 

A knowledge of the International Code of 
Signals is almost imperative, and we recom- 
mend that a copy of them should form part of 
the equipment of every boat destined for sea 
cruising. Full and clear instructions as to the 
UbC of the code is given in the handbook, and 
will well repay a careful study. The following, 
however, are a few of the more common signals, 
with which every navigator should be ac- 
quainted. 

Fog Signals, — In haze, fog, or driving 
snow : — 

(1) A steams'^hip under way sounds one 
blast on her steam whistle at intervals not ex- 
ceeding two minutes. 

(2) A sailing vessel under way sounds at in- 
tervals not exceeding two minutes, one blast 
when on the starboard tack, two when on the 
port tack, and three when the wind is abaft thf 
beam. 

(3) Every ship when not under way rings a 
bell at like intervals. 

Signals as to Steering. — A steamship warns 
that it is about to take a particular direction as 
follows : — , 

(1) One short olast on its whistle to indicate 
that she is directing her course to starboard. 

(2) Two short blasts to indicate that she is 
directing her course to port. 

(3) Three short blasts to indicate that she is 
going full speed astern. 

It must be clearly understood that these 
signals are not compulsory, but if made the 
action must be earned out, and they should 
never be made unless the other vessel is in sight. 

Signals of Distress, 

I. —General. 

(1) The letters N.C, (blue and white 


Diagram 2. 
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flag imd white pennant) of 
Ute oommercliil code. 

(a) inie misign upaide down, 
ol A minute gun. 

(4) Rockets (at night). 

(5) Flames, from any combustible *matedal 

(at night). 

II.— Particular. 

(1) Fire or leak, want immediate assist- 
ance ; a bail over a square flag. 

(a) Aground, want immediate assistance; a 
square flag over a ball. 

(3) Want immediate assistance : the <om« 
mercial code letters H.B. (red and 
white vertical and red swallow tail). 
Warning Signals, 

(i) Letters J.D. of commercial code (blue 
• white, blue horizontal, and blue pen- 
nant with white ball) means you are 
standing into danger. 

a A ball over a pennant indicates the same. 
Letters J.T. of commercial code (blue 
white, blue horizontal and red, white 
and blue vertical) indicates tack in- 
stantly. 

(4) Letters K.F. of commercial code (yellow 
and blue vertical and red pennant) in- 
dicates bear up instantly. 

As a rule, if a two flags signal is being made 
and the square flag is uppermost, it indicates 
something urgent; and if the letter J is upper- 
most it invariably conveys some warning. 

Pilot Signals . — At any time during the day 
the signals for a pilot consist of the Union Jack 
with a white border, or the commercial code 
letters P.T. At night a bright flash light should 
be shown at intervals, or a blue light every 15 
minutes. 

Weather Signals . — A gale from the southward 
Is indicated by a cone pointing downwards. 

A gale from the northward is indicated bv a 
cone pointing upwards. 




Storm eonei without drums. 

The cone is 3ft. high, and 3ft. wide at the 
base, and appears as a triangle when hoisted. 
On receipt at any signalling station round our 
coast of a notice from the Meteorological Office 
that an atmospherical disturbance is to be ex- 
pected, a signal is hoisted, and remains during 
the day-time for 48 hours, counting from receipt 
of the message, unless the signal is counter- 
inanded in the interim. 



Storm conos with drums. 



formed by three 



Storm warning, night signal. 

The hoisting of any of these signals is in- 
tended as a sign that there is an atmospherical 
disturbance in existence which will probably 
cause a gale from the quarter indicated by the 
signal used in the neighbourhood (say witnin a 
distance of 50 miles) of the place where the 
signal is hoisted. Its meaning is simply, 
“ Look out I It is probable that bad weather i% 
approaching you.” 

Rale of the Road, 

Having now described various methods of 
navigating a vessel by formulae, charts and in- 
struments, etc., it will be necessary for the 
student to learn how to navigate his vessel in 
conjunction with other vessels so as to avoid 
collision and probably loss of vessel and lives. 

The student must learn the rules of the road 
at sea in such a way that he will know exactly 
what to do when such risks before mentioned 
arise. 

The most convenient way to commit dtesa 
rules to memory is as follows 

(1) Two Steamships Meeting. 

When both side lights you see ahead. 

Port your helm and show your red. 

(2) Two Steamships Passing. 

Green to green, or red to red 
Perfect safety— go ahead. 
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U) Two Stwnuhi^s Crossing. 
Not#.— Tihis is the position of gi 


Note.— T4iis is the position of greatest danger. 
There Is nothing for it but good look^ut« cau- 
lion, and judgment. 


If to your starboard red appear, 

U is your duty to keep clear.; 

To act as judgment says is proper — 
To port or starboard— back or stop her 1 


But when upon your port is seen 
A steamer’s starboard light of green, 
There’s not so much for you to do. 
For green to port keeps clear of you. 


(4) AU Skips Must Keep a Good Look-out, 
and SUatnships Must Stop and go Astern if 
Necessary* 

Both in safety and in doubt, 

Always keep a good look-out ; 

In danger, with no room to turn, 

Ease her 1 stop 1 or go astern ! 


N.B.— It is possible the student may not know 
which side of the vessel is port and which star- 
board. A vessel’s starboard side and light 
(green) is to one’s right, and the port side and 
light (red) is to one’s left when standing On 
deck looking forward. 

Naturally the term ** steamships ” in these 
rules refers to all vessels under power, such as 
motor craft. 


Definitions* 

(1) Meridians are circles which cut the equa- 
tor at right angles, and pass through both 
poles, 

(*) Parallels of latitude arc circles which cir- 
cumscribe the earth parallel to the equa- 
tor. 

<3) Civil time is used to record events in ordinaiy 
life* The day commences at midnight and 
terminates at the following midnight. It is 
divided into two divisions of 12 hours each. 


the first being termed avin* (ante meridiem^ 
or before noon, the p.m. (post men- 
diem)> or afternoon. 

(4) Astronomical time is used in all astronomtcM 
calculations. The day commences at Mqtt 
and terminates the following noon, wimout 
the distinction of a.m. or p.m. 

(5) Variation of the compass is the angle the 

magnetic meridian makes with the true 
meridian. ^ 

(6) Deviation of the compass is the angle the 
compass needle (under the card) makes with 
the magnetic meridian. 

(7) Tne error of the compass is the angle the 
compass makes with the true meridian. 

(8) True course of a vessel is the compass course 
corrected for deviation and variation. 

(9) Magnetic course is a compass course cor- 
rected for deviation. ‘ 

(10) Compass course is the course steered by the 
vessel’s compass. 

Conclusion* 

Before concluding these articles the navigator 
must understand the importance of keeping a 
log book in some form or other. It saves end- 
less trouble should, for instance, the navigator 
wish to cruise ov^r the same ground again ; he 
has the courses and distances between the vari- 
ous ports, as well as a lot of local knowledge, 
so as to be able to anchor in a place where he 
can land easily and get supplies for man and 
motor. A log book, when neatly kept and per- 
haps illustrated with photographs and sketches, 
may prove to be a useful and 
interesting book to show your 
friends and fellow-sportsmen. 

I To enable the navigator to 

keep his log book neat and 
I dlean, he should adopt the sys- 

. tern of keeping a day book to 

njRocK. enter the courses and distances 



k ihip’t proposed tnebortfs. 
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and Sittes ©f passing the different objects, etc., 
and to enter them into the log book every eveh- 
ing after he has come to anchor. 

Finally, reipember you can Jiever be too sure 
of your position. Eternal vigilance, especially 
at night and in a fog, is the price of 'safety at 
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sea, and dangers Increase when you approadi 
the land. It takes time and practice to become 
an expert navigator, but any man with ordinary 
intelligence and careful application can he one 
if he perseveres, and every opportunity should 
be taken of acquiring informaiion* 



Alisa Craig.” wlimer of ths last Hew Tork-Bermnda Race. 
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SEAMANSHIP. 

S»m0 Afot0a oa th* Mmaagemtat ot Cr»ft uader Ymrlout Clreumatmneet, with ia/onamtloa 
M oiter mmtUn which should be Ccmptiaed within the Knowledge of m Semmmn* 

Learning to Handle a Boat. 


A motor boat in the hands of an expert ap- 
pears to be one of the simplest things in the 
world to steer and bring alongside a landing 
stage with just enough way on to come up to 
her berth, and stop without any fuss or trouble 
exactly where she should do. But let a novice 
try to handle one for the first time, and he will 
soon come to the conclusion that seamanship, 
even in a river launch, is not quite so easily ac- 
quired as one might suppose. 

Seamanship is the knowledge of what to do, 
and when and how to do it. No matter what 
the emergency may be, a good seaman should 
never be at a loss as to how to repair any 
damage that can possibly be repaired with the 
means at his command ; he must also know what 
a boat will be likely to do under any conceivable 
conditions of tide, wind, or sea, and be able to 
have his boat under perfect contiol at all times 
when under way. He should also know what 
any other boat near him is likely to do if in 
competent hands, and, at the same time, he 
must so handle his own boat that others may 
know what he is going to do in plenty of time to 
avoid trouble. 

A good seaman should be able to steer almost 
instinctively, and must know to a nicety the 
relative speeds of his boat, of the tide, and of any 
other boat near him. 

Supposing the novice to have learnt enough 
about his motor, from the maker, to enable him 
to start it fairly easily and run it without seri- 
ous mistakes, he must then proceed to learn the 
rule of the road at sea, which is the exact oppo- 
site of the rule of the road ashore. The princi- 
pal rules are as follow : — 

(1) Meeting : Two boats meeting must pass 
port to port, or in other words, keep to the 
fight, 

(2) Overtaking : When one boat is overtaking 
another, the overtaking boat must keep clear of 
the boat she is overtaking. 

(3) Crossing : When two boats are approach- 
ing more or less at right-angles, the boat which 
has her right-hand or starboard side next to the 
other’s left-hand or port side must keep clear. 

(4) Towingt etc. : A launch or tug towing an. 
other vessel must not be expected to alter her 


course. A vessel in the act of turning, or go- 
ing alongside a wharf or stage, should be given 
plenty of room by other vessels. 

(5) Power V. Sails : All power vessels must 
get out of the way of sailing vessels of any de- 
scription, no matter how they may be ap- 
proaching one another. They should also keep 
clear of rowing boats, although it is allowable 
to blow a whistle, etc., to tell them to get out 
of the way in a crowded place. 

(6) Lights : All power vessels must carry the 
regulation side lights and masthead light when 
under way between sunset and sunrise. 

As soon as these regulations are learnt by 
heart, the next thing is to learn to steer. This is 
an instinct with all good helmsmen, like a horse- 
man having “ hands, but anyone can learn 
to steer a motor fairly well if he takes pains, and 
can concentrate his attention on his steering 
until it becomes second nature. Many a man 
who can really sAeer well, if he gives his mind 
to it, comes to grief simply through looking at 
other boats, or talking, and so taking his 
thoughts off the business in hand. One mo- 
ment’s absence of mind may cause an accident. 

When steering, try to keep the stem of the 
boat in line with some fixed object ahead, and 
keep her on this course with as little alteration 
of the wheel as possible. Don’t expect the boat 
to turn like a bicycle at a touch of the helm. 
She will take an appreciable time to feel it, 
unless the rudder has been jammed hard over; 
this should never be done except when absolutely 
necessary, as it may stop the motor, andr is a 
sign of a bad helmsman. A good helmsman al- 
ways coaxes his boat round, and never forces 
her if he can help it. 

When going astern, it must be remembered 
that the helm will be reversed ; but if the boat 
is steered with a horizontal wheel of the motor- 
car type, if the helmsman turns round and faces 
the stern, the steering will appear the same as 
when the boat is going ahead and he is facing 
forward. It is always well to remember, when 
steering a strange boat, that many boats steer 
very badly when going astern, especially when 
the propeller has just been reversed, whilst, in 
the case of a reversible-bladed propeller, when it 




Trident*^* a 77ft* motor yacht; her machinery installation consists of three 40h*p* Maudslay engines* 







is ik tkfil ev^Q tl, the Is 

sttil afiea4« she may possil^y iaice 

whatever of th« rudder. , , ; , 

llaiiF^g learnt to steer, the novice should tiy 
to estlihate the speed of his own and other 
boati To do this, he should note at what rate 
his boat seems to be moving past the Islnd as 
compared. .to another boat. If the other boat is 
between him and the land, he can see at once 
if he can csross ahead of her by noting whether 
the other boat is closing up any particular mark 
on, sho^f or opening it out ; if she is closing up 
the marks, or the land appears to be slipping 
natern of her, then she will cither cross ahead, 
or hit the observer's boat, if both boats kept 
their courses at the same speed. If, however, 
the land is opening out, and she appears to be 
going* backwards past it, she will pass astern. 
The above rules also apply to a boat trying to 
clear a vessel at anchor or a buoy in a strong 
tideway. 

When a man can steer and judge the speed of 
his own and other boats fairly well, he ought 
to be able to bring his boat alongside without 
much trouble, but it Ir. not seamanlike to dash 
up to a landing-stage at full speed, and then go 




fuB sj^ . — 

boat will travel in dmt IC;. la 

both for smartness and J 

in plenty of timd» axA . ubfine 
quietly. In coming alongside, or ph , 
mooring in a tideway, always 
to tide if possible, and keep wek olear 4 
at anchor or warps and buoys, when c 
strong stream, as a nasty accident may 
should the motor fall or the propeller get 
of a warp. . . 

When getting under way from moorings^ 
tention should be paid so that the boat and pr^T 
peller may keep clear of the buoy and buoy-rcm < 
etc. It is safest to drop astern to the end of tfie , 
buoy-rOpe, and then give a sharp turn or sheervi 
to one side so as to pass well clear of it. 

With a little care and forethought, and the", 
exercise of restraint in the early days of his novi* 
tiate, the novice will soon gain confidence in 
himself and the craft he is handling, and thence-v 
forward it is generally all ** plain-sailing.'* 


Anchoring and Mooting* 


Every owner of a motor boat should make 
himself acquainted with the proper methods 
of securing his boat when not in use. On 
a river this is a very simple matter on 
the non-tidal waters above lock, but, even 
so, very few owners appear to know how 
to make their own boats fast alongside a stage 
or bank. » 

Tying up to a Stage^ 

A stout rope of fair length must^ be pro- 
vided at each end of the boat ; these are known 
as the head-fast and the stern-fast. The inner 
end of each has a long eye splice, which is 
passed either through the mooring bollard or 
through a ring on each end of the boat, the 
rope then passing through its own eye to secure 
it to the boat, the other end being taken ashore 
to a fixed ring or post on the stage or bank. 
There it is either made fast with a bowline (see 
article Ott Knots ") or the end is brought back 
and made fast on the boat after being passed 
through the ring or round the post. Should the 
post be so short that the line is liable to slip off 
u merely vpassed round, it must be fastened to 
the'pqst by a clove hitch, which will not slip. 

Open Moorings, 

M-oorings are of many varieties, dependent on 
the locality, and the size or type of vessel few 
which th^^are intended. It may be merely a 
chain^^ attat'hed to a heavy stone, buried in the ‘ 
sahd of mud-ht tow water ; this is used if the boat 
he smaU and of a type suitable for lying ashore- 
when the tide is out. Should, however, the 
have to lie afioat at all timti of the tide, it is 


obviously an impractical plan, unless the bottom 
be so soft that the stone will sink into the mud 
and bury itself if left alone for a few days. 
Where this type of mooring can be used it is 
the best and simplest form obtainable and the 
least costly. The weight to be buried may be 
a flat paving stone, a lump of scrap iron, or, 
if it is to be buried by hand, a tree trunk will 
do, but the latter must be buried deep so that 
it will not pull out if a large vessel should get 
foul of the moorings. Whatever the form of l^e 
weight to be buried, it is essential that a short 
length of fairly heavy chain should be atta^h^ 
to it with a good free-working swivel, and from 
this the regular mooring chain should' run 
the boat. 

For boats of anything over 25ft. in length 
the buried weight is unsuitable, unless it be.<^ 
targe size. It is therefore usual to lay dou^ 
regular moorings for all but the smallest boatk 
Such moorings generally consist of a 
anchors, each of which has one fluke cut Wffi 
or knocked down on to the shank to avoid 
Ing the cable. The two anchors are cOAue^b^ 
by a piece of heavy chain at least three timesvat’ 
long as the depth of water in wbidh the itfiljfej 
logs are to be laid. In the centre of the-Chaln^ 
which is called the bridle chain — ib a; 
shackle and swivel, to which the reaCt:^e».‘ 
lading chain, is attached. The size of the fatter 
will be considerably less tba«f of thp 
$ut its length should he about the 
‘jimes the gwatest depth 

of the .riding ' onaJA'XS 
a large ring or link wtetild fitted* 
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this the vessel is shackled when on , the moor^ 
ings ; it also serves as attachment for the buoy- 
rope of coir, which must be long enough to 
allow the chain to rest on the bottom at high 
water and strong enough to hold the boat tor 
a few minutes in bad weather until the riding 
chain can be got aboard. 

Laying out Moorings. 

To lay down a set of moorings such as those 
just described is by no means an easy job for 
an amateur. The following method will give 
an idea of the modus operandi. A quiet spot 
should be chosen in a part of the harbour 
where there is little or no traffic, but sufficient 
water to enable the boat to lie afloat in three 
or four feet at the lowest spring tides. A couple 
of old smacks’ anchors, weighing some 301b. 
ot 4olb. apiece, and about &ft. of old chain 
should be procured locally. The purchase 
should then be taken to a blacksmith for 
the purpose of having one fluke knocked down 
on the shank of each anchor and fastening the 
ends of the chain to each anchor with a large 
new link, at the same time cutting the chain 
in the centre and welding the cut ends into a 
ring, to which is attached a large swivel. The 
load of old iron should then be taken down to 
the quay, and, procuring the loan of a smack’s 
boat, together with a couple of oarsmen, proceed 
to the spot selected, having first obtained per- 
mission from the harbour master to put down 
the moorings. Whilst rowing down the har- 
bour the new quarter-inch galvanised riding 
chain should be shackled to the ‘swivel, and 
some 25^. of j\n. grass or coir rope and 
a small gallon keg attached to the other 
end, thus obtaining the buoy and buoy- 
rope. Starting above the spot selected, one 
anchor should be carefully lowered to the 
bottom by means of a line passed through 
the space between the shank and the fluke 
which has been knocked down ; the weight 
of the other fluke keeping the anchor from 
turning over as it is lowered. The first 
anchor being safely in its place, at once row as 
hard as possible with the tide to pull it home 
Into the ground and stretch the ground chain or 
bridle as it is paid out over the stern. When 
half the ground chain is paid out in this manner 
we come to the swivel to which the lower end 
of the riding chain is attached, and for the 
rest of the distance pay out both chains at 
once, taking care to keep them separate and 
clear of each other. As soon as all the 
ground chain is out, and the second anchor, the 
buoy-rope, and surplus length of riding chain 
alone remain in the boat, lower the anchor 
carefully to the bottom, right side up as before. 
Then, with the two parts of the rope by which 
it has been lowered made fast to the stern, row 
as hard as possible to thoroughly stretch the 
ground chain before letting go. The moorings 
are then ready for use, with nothing to catch 
or foul the cable. 


Coming up to Moorings, 

Although picking up moorings would seem a 
very simple matter to the uninitiated, it is never- 
theless an evolution requiring some considerable 
knowledge and judgment, especially in a 
crowded anchorage or in a strong tidewav. 
Even on a quiet river a lot of trouble may be 
saved by the exercise of a little care and skill 
when coming alongside a berth, but 09 salt 
water an apparently trivial mistake may have 
disastrous results either to one’s own boat or to 
other craft moored near by. It should always 
be borne in mind that any damage done in this 
way must be paid for by the man who makes the 
mistake. 

The golden rule when picking up a mooring 
or anchoring is to come up head to the tide, 
and so regulate the speed of the boat that she 
comes quietly to a stop with her bow just touch- 
ing the buoy of her moorings ; this is the great 
test of smartness, and is carefully observed by 
sailors. If she is about to anchor, she should 
stop exactly where it has been decided to drop 
the anchor. In this connection it must not be 
forgotten that, when anchoring, cable to at least 
four times the depth at high water must be paid 
out, and also that when the tide turns your boat 
will swing round her anchor, making a circle 
equal to the range allowed by the cable. It is 
therefore necessary to choose a berth where she 
will have plenty of room to swing clear of other 
vessels and obstructions. If the space available 
is limited, drop the anchor nearer the vessels 
up-stream of your boat, rather than to those 
astern, as they will all swing the other way 
when the tide turns and your boat will then re- 
main clear. There is one exception to the fore- 
going rule of bringing a boat up head to tide — 
that is when the wind is much stronger than the 
tide and against it — in this case come up head to 
wind. 

Mooring Gear in Whale-decked Boats, 

The operation of anchoring or picking up 
moorings on a racing or other boat is usually 
one of considerable difficulty if the boat is fitted 
with a round whale back extending over a con- 
siderable portion of her length. 

The danger of going forward on a deck of 
this description, even when the boat is at rest, 
is often considerable if there is a little sea on, 
and this risk is greatly increased when the boat 
is travelling, and perhaps pitching or rolfing 
at the same time. It is therefore very desirable 
to fit some arrangement by means of which the 
anchor can be let go or got aboard, and moor- 
ings slipped or picked up, without the necessity 
of a man going forward at all, whilst at the 
same time the cable, mooring, or tow-line is 
properly led from the stem head. 

Such an arrangement has been in use fo* 
many years among canoeists, who often cannot 
leave the cockpit or get forward of the mast 
without capsizing their tiny craft. 

This gear, in a form suitable for use on, say, 
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a 40ft. racing launch, consists, in the first place 
(see diagrain;, of a good trumpet-shaped fairlead. 
Throi^h this lead is rove a piece of flexible wire 
rope (Tobin bronze for choice) of sufficient length 
to reach from the stem to the large -mooring 



bollards or cleats, which should be easily acces- 
sible from the cockpit. The outer end of the 
wire is spliced round a lignum vitae bull’s-eye 
having about an inch hole in it, while the inner 
end has a large eye splice which just fits over 
a stout eye-bolt in the deck alongside the bol- 
lard, and is secured by means of a toggle-pin 
thiough the eye-bolt over the wire. A piece of 
light line is spliced into the inner eye and, pass- 
ing round the mooring cleat or bollard, is then 
carried forward and spliced round the wire just 
behind the bull’s-eye, but outside the fairlead on 
the stem. 

The cable is now rove through the bull’s-eye 
and the end brought aft to the mooring bollard, 
where it is made fast while under way. To 
anchor, all that is necessary is to make the 
outer end of the cable fast to the anchor and 
drop it over the side, when the cable will at once 
run out through the bull’s-eye in the end of 
the wire, which is now close up to the fairlead 
on the stem head. When sufficient cable has 
been paid out it can be made fast round the 
bollard, from which the boat will ride. 

To get the anchor up again, the cable is 
hauled in from the cockpit until the anchor is 
chock up to the bull’s-eye at the stem head. If 
the toggle-pin is now pulled out of the eye-bolt 
on deck and the inner end of the wire rope re- 
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leased, the anchor cap thert be hauled aft to the 
cockpit along the boat’s side as the wire pays 
out through the fairlead on the stem. As soon 
as the andior can be reached it is lifted into the 
cockpit after washing off an^ mud, etc,# and# 
by hauling in on the small line, the Inner end 
of the wire can be brought back, the bull’s- 
eye and the bight of the cable beinpf hauled out 
to the fairlead again. When the inner eye W 
the wire is again slipped over the eye-^lt and 
the toggle-pin replaced, the cable is again ready 
for anchoring or mooring. 

Mooring in Wbalemdeck Boaia, 

The only difference between mooring and 
anchoring is that, when mooring, the boat must 
be carefully brought alongside the mooring buoy, 
head to stream or wind, and the buoy taken into 
the cockpit while the buoy rope is overhauled 
until the mooring chain is reached, to which the 
outer end of the cable must be made fast. The 
buoy is kept in the cockpit and the end of the 
mooring chain is hauled close up to the bull’s- 
eye at the stem head, the cable being then made 
fast, together with the slack of the buoy-rope 
on the mooring bollard. 

Slipping Moorings. 

To get away from the moorings, first throw 
the buoy overboard, then let go enough cable 
to enable you to haul the end of the mooring 
chain into the cockpit by the buoy-rope and un- 
bend the cable from it. The mooring and buoy- 
ropes may now be let go over the side, taking 
care they do not foul the propeller or rudder. 

A large spring hook, strong enough to ride 
to, may be spliced into the outer end of the 
cable, and will be found to greatly facilitate 
matters both in anchoring and in mooring — the 
latter more especially — but great care must be 
taken to get such a hook of ample strength, or 
the boat may go adrift. 

A variation of the foregoing arrangement is 
to have a spring hook in the end of the wire in- 
stead of the bull’s eye; the mooring chain is 
then hooked direct to the wire, which is, of 
course, first hauled aft by a small line, and then 
the wire is hauled back through the fairlead 
and made fast, as before, with the mooring 
close up to the stem head. 


Towing, 


Towing or being towed in a motor boat sounds 
a very simple matter, and it is not until one has 
had experience of it in a little bit of sea that its 
true inwardness is appreciated. 

Next to a good lead for the tow-rope at the 
stem^head, the most important point in towing is 
good steering and unceasing vigilance on the 
part of the helmsmen of both vessels. Not only 
must the vessel which is being towed be kept 
from yawing about, as she is always liable to do, 
but she must also carefully follow every turn 
made by the tug, not at the same moment, but 
at the same spot. Thus if the tug at a given spot 


turns off to starboard, then the tow must make a 
similar turn at exactly the same place. If she 
were to turn to starboard at the same moment 
as the tug, the result would be that the two boats 
and the tow-rope would be somewhat in the form 
of the letter Z, and the tow would, if of suffi- 
cient size, pull the tug round alongside her, 
besides risking breaking the tow rope. 'Diis 
frequently occurs when a sailing yacht is be- 
irig towed by her own dinghy : a puff of wind 
catching her sails sends her along faster than 
the dinghy and to one side of it ; thus bringing 
it up alongside stern first. 
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ti^w to Tow. 

Whtn towing a boat which is liable to steer 
liadiy, such as a racing motor boat, the greatest 
care must be exercis^ on the part of the tug, 
not only to go at a suitable speed, but also to 
see that the tow-line is properly made fast both 
on the tug and on the tow. 

If the tug is the larger vessel, she may tow 
from the stern bollards or any convenient point 
right aft, but if she is the smaller, as in the 
case of an ordinary tug and a large ship, then 
she should tow from some point just abaft amid- 
ships, otherwise she will be unable to manoeuvre 
with any freedom, as the greater weight of the 
tow will prevent her answering her helm and 
turning as she wishes. 

Another point to be borne in mind is, that the 
line must be so made fast that it can be let go 
instantly in the event of any trouble occurring 
on either vessel ; consequently it should never 
be hitched round a bollard, but merely made fast 
by means of several crossed tu^ns which can 
easily be cast off. Do not forget, however, 
when casting off these turns with a heavy strain 
on the rope, that the latter may take charge as 
the last turns are cast off, and pull you over- 
board before you can let go, or else jam your 
hands on the bollard. If you have to cut the 
line to save the tow from a capsize, stand clear 
of the end or you may easily get a broken limb 
from the back lash of the cut end. 

When first taking the strain on the tow-line, 
someone on either the tug or the tow must 
stand by to ease up a fathom or so of the line 
round a bollard, to avoid the heavy jerk which 
would otherwise come when the fine got taut 
between the two vessels, and which might easily 
break the rope, but here again care must be 
exercised to avoid damage to the hands as the 
rope renders round the bollard. 


Lying-to in a 

Any sort of craft is liable to get caught in 
a hard blow when making a coasting passage, 
but, whereas a motor boat of considerable power 
is usually able to run in somewhere for shelter 
at the first sign of bad weather and before the 
sea gets too heavy for her, in the case of a 
low-powered boat, built only for comfortable sea 
cruising, with a maximum speed of, say, five 
knots in smooth water, it is quite possible to get 
caught in a nasty sea, against which the motor 
is quite powerless to drive her, even if it were 
safe. 

A sea anchor is a thing about a boat you hope 
you will never require, because you selaom need 
it, but when you do want it you want it mighty 
badly, and in a hurry. 

Probably the best and simplest method of mak- 
ing one with the materials at hand is as follows : 

Close-reef the sail, and, having unshipped the 
mast, lash the heel of the yard to the fore-end 
of the boom ; then lash the mast across the 


Longth oi iho Tow Ropo. 

This is a question which can only be settled 
according to the special circumstances of each 
individual case, but as a rule the heavier the 
sea, the longer the tow-line. In some cases 
where large vessels are being towed in a heavy 
sea enormous lengths of tow-line are used, ana 
to ease the pluck on the line when they pitch 
opposite ways, a piece of chain is placed irt the 
middle of the line to act as a spring by its 
weight. In smooth water, if the towed boat 
steers badly, the line may be shortened up until 
the two boats are nearly touching, but m this 
case a large fender should be hung over the 
stern of the tug to prevent damage when the 
tow runs ahead suddenly. 

Towing Alongside, 

This is a favourite method of towing^ in 
.smooth and narrow waters, but it is very likely 
to cause considerable damage if there is any 
sea, owing to the great strains set up when the 
vessels grind together. In the case of a sinking 
boat, this is the only way to save her, provided 
the tug is large enough to support her weight 
alongside when full of water, but it is always 
likely to cause damage of some sort to the 
weaker boat of the two, unless the water is 
quite smooth. One of the greatest advantages 
of this method is that one man can steer both 
vessels and need take no notice of the tow when 
towing, so long as he remembers the extra width 
required for the two boats. Great care must 
be taken when lashing the two vessels together 
for this sort of towing to see that their keels 
are exactly parallel, otherwise there will be very 
heavy strains on the warps, and the tug will 
have a lot more work to do, owing to the in- 
creased resistan'oe caused by towing a vessel out 
of the line of her keel. 


Heavy Blow. 

outer ends of the two, thus forming a rough 
triangular frame of three spars, with the sail 
fast to the sides of it. Attach a fairly heavy 
weight to the apex of the triangle where the yard 
and boom meet. By using the sheet and halyard 
doubled make a three-part bridle from each 
end of the spars, and to this bridle bend the end 
of a 30-fathoin manilla cable. We are then' ready 
to get the whole contraption overboard. 

Before doing so, should there be a spare tin of 
lubricating oil on board, attach it to the junction 
of the bridle and the cable, first having pricked a 
small hole through the tin to allow a little of the 
oil to leak. 

The oil leaking out of the tin will be found to 
very noticeably smooth the sea around the boat. 

It should be here explained that the object of 
attaching the weight to the sea anchor is for the 
purpose of causing it to float vertically >vith the 
apex of the triangle downwards, thus affording 
the greatest possible amount of resistance. If 
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no canvas should be available, the sweep and 
floorboards can be utilised after the same man- 
ner to make a rough drag of some sort, and to 
break the seas. 


It does not really matter much what sort of a 
sea anchor is used so long as some resistance is 
formed to prevent the boat blowing away before 
the wind. 


Emergency Repairs to the Boat. 


Stove In. 

It occasionally happens that the most careful 
sailor, in spite of all due precautions and sea- 
manship In handling his vessel, runs her ashore 
on rocks, or it may be on the stump of ah old 
pile, and so gets a hole stove in her bottom. The 
fluke of an anchor is another frequent source of 
accidents of this description, and, although a 
good seaman should be able to tell within a 
little * where all the neighbouring vessels’ 'an- 
chors /lie, yet, in spite of all due precaution, it 
is very easy to leave a boat, as one thinks, in 
perfect safety, only to find on return that she 
has grounded on an anchor or a boulder and 
stove a few planks in. No matter how such an 
accident may have occurred, a temporary patch 
up must be made if the boat is to be got away 
and taken to the builder’s \ard to be repaired. 
Ihe nature of such a make-shift repair must 
depend principally on the mean» at hand, on 
the extent of the injury, and, to some degree, 
on the character of the locality in which the 
trouble occurs. 

Repairs of Small Leaks. 

If a hole is fairly clean and small, a plug of 
waste and tallow or other grease may be 
rammed into it, and all leakage stopped at once. 
A simple crack in a plank can, however, easily 
be made good for the time being with a thread 
or two of cotton and some pain^ or grease forced 
into the crack with the point of a knife. On 
the other hand, the rent may be as large as one’s 
hand, in which case prompt measures must be 
taken to prevent the boat sinking then and 
there. 

Stopping Large Moles. 

If the hole is fairly easy to get at, one should 
tear up the floor-boards or other obstructions 
and stuff a coat or mat into the hole, at the 
same time trying to bring that part of the boat 
out of water as much as possible by trimming 
the weights over to the opposite side or end of 
the b^at. The coat may then be replaced by a 
piece of floor-board, covered with a plaster of 
grease and cotton wastr^(or handkerchiefs), and 
this should be firmly forced down over the hole 
by means of shores from the thwarts or other 
convenient portions of the boat. Such a make- 
shift; should enable one to keep the boat afloat 
for some considerable time by dint of energetic 
bailing, and so get her into a place of safety, 
where she may be repaired. When the damage 
is underneath the engine or in some out-of-the- 
way corner of a locker, where it is impossible to 
get at it from the inside of the boat, the only 
thing to do, if the hole cannot be brought out 


of water by heeling the boat to the opposite side, 
is to pass a greased mat, or a piece of canvas, or 
cloth, over the hole from the outside and hold it 
in place with lashing right round the boat. 
Where some of the timbers of the bcjat are 
broken in addition to the damage to the plank- 
ing, fresh timbers must be put in alongside the 
broken ones, but this is rather too big a job 
for the average amateur, and the same thing 
applies still more forcibly when the keel or gar- 
boards are strained. All these matters are for 
the boat builder to attend to, unless the owner 
has exceptional skill in that line. 

A Foddered Sail. 

When a ship gets a bad leak or a hole in her 
at sea, she is o' ten saved by the use of what is 
known as a foddered sail hauled under her bot- 
tom by lines passed round her. This consists of 
a sail, awning, or other piece of canvas covered 
with tar, grease, and all manner of stuff like the 
wool from mattresses, oakum, etc. When it is 
hauled under the ship’s bottom over the leak, 
the pressure of the water trying to enter the leak 
presses the sail against the planking, forcing 
the grease, wool, etc., into the hole, thus pre- 
venting the ingress of water to a great extent. 

A ** Tingle.^' 

Where the hole is confined to one plank, and 
IS of small dimensions, it may be permanently 
lepaired at once if there are a few tools and 
some wood and screws in the boat. A “ tin- 
gle ” is a patch of wood or metal over a hole 
in a plank, and, if placed inside, should be made 
to fit the space between two timbers or ribs. It 
is then coated with white lead or thick paint and 
screwed down on the planking over the hole. 
An outside “ tingle ” can only be put on when 
the boat is ashore. It generally consists of a 
piece of sheet copper, with a layer of painted or 
tarred flannel, cotton, or even brown paper, be- 
tween the metal and the plank. The edges of the 
“ tingle ” are securely fastened to the plank all 
round with closely-spaced copper tacks, and a 
repair of this sort will last for years if properly 
clone. 

Salvaging a Sunken Vessel 

In the foregoing cases it has been supposed 
that there has been material and opportunity to 
effect temporary repairs in time to save the boat 
from actually sinking, but in some cases this 
cannot be done, and the only thing then is to 
raise the boat as quickly as possible and get her 
ashore for repairs. If the boat has sunk in deep 
water, the advisability of tiying to raise her i« 
entirely a question of her value, but a boat sunk 



THE MOTOR BOAT MANUAL. 


340 

in shallow water may easily be raised and re- 
covered by means of a couple of boats of about 
her own size, provided ropes or chains can be 
passed under the sunken boat at low water and 
attached to the lifting boats on each side. Then, 
when the tide flows, the boat will be raised, 
and the three boats can be towed ashore at high 


water until the sunken boat again takes the 
ground. If this is in a place too far below 
high-water-mark for the execution of the neces- 
sary repairs, the lifting ropes or chains can be 
shortened and re-adjusted, the process being re- 
peated until the boat is beached as high up as 
the draught of water will allow. 


Refloating a Stranded Boat. 


Rua Aground, 

One of the accidents which may easily hap- 
pen to the most careful sailor is to run his boat 
ashore so hard that she will not come off again, 
although the engine is run full speed astern. 
In the event of such an unfortunate event occur- 
ring at, or about, high water, it is probable 
that the boat will have to remain until the top 
of the next high tide before she can be got 
off. As soon as the boat strikes the ground, 
reverse the propeller and go full’ speed astern. 
At the same time ascertain what part of the 
keel is on the ground, whether it is right for- 
ward, amidships, or aft. Probably it will be 
the bow only which is fast, in which case get 
all hands aft and roll the boat steadily from side 
to side, at the same time pushing off with the 
oars {if any), boat-hook, etc. This should im- 
mediately cause her to work her way off the 
bank. If she will not move at first, and the 
tide is flowing, it is only a matter of a few min- 
utes before she comes off. If you have a dinghy 
and the boat is still disinclined to move, run out 
your anchor astern into deep water, and try to 
haul her off with that, at the same time placing 
any movable weights in the dinghy, together 
with all but two of your party, if there are sev- 
eral passengers on board, in order to lighten the 
stranded vessel. If the dinghy be too small to 
carry all the w'eights that can be removed, they 
should be put ashore by instalments, provided, 
of course, that the shore be close bv and ap- 
proachable. Otherwise, weights which will not 
suffer greatly may be thrown overboard, taking 
care to mark with a buoy the spot where the\ 
lie, and to lash together those which will float, 
attaching them by a line to a sinker to pre- 
vent them drifting aw’ay. But whatever action 
be taken it should be remembered that it should 
be done without delay; a very few minutes may 
make all the difference between getting off and 
sticking harder. 

Left by the Tide, 

If a boat runs really hard aground on a falling 
tide* there is often little or no chance of getting 
off before the tide leaves her, although the fore- 
going directions may, with luck, get her off. 
Onoe the tide begins to fall, and the boat shows 
an inclination to lie over a bit, lose no time in 
trimming ail loose w^eights towards the side in 
which you wish the boat to lie. If she is ashore 
on the edge of a steep bank, it is of the utmost 
importance that she should take a list (or heel) 


tow'ards the bank, otherwise she might easily 
fill up and fail to rise when the next tide com- 
mences to flow round her. The same rule will 
apply to the case where the boat may be exposed 
to a small breaking sea just before she floats, 
and she should therefore be listed towards the 
shore in any case. . 

Difficult Cases, 

When the boat has grounded about high 
water, it will probably be advisable to lighten 
her of all movable weights, and, if you have no 
winch or tackle to heave her off with, it will be 
as well to borrow a small tackle or “ Handy 
Bill},” to get more strain on your cable than 
you could by hand. A good sized anchor will 
probably be required for this work, so if the 
boat s anchor is only a small one you must 
borrow one for the job. It may be that vou 
have been unlucky enough to get your boat'be- 
neaped — that is to say, she has got ashore at 
the top of high water at or about the top of the 
spring tides, and the following tides will each 
b'' lower than the one before, until the lowest 
neap tide, after which the height of each high 
tide will increase until the top of the next spring 
tides. ^ As these spring tides are a fortnight 
apart, it is not q cheerful matter to be beneaped 
if your boat is large. 

Digging Out. 

When a boat has got beneaped and you can- 
not afford to wait until the ne.^t spring tides, 
there is only one thing to be done to get her off 
and that is to dig her out. This means digging 
a dock all round and under the boat, deep 
enough to ensure her floating on the next high 
water; probably a foot or two extra depth will 
be ample. A channel of the same depth as the 
dock and as wide as the boat must also be cut 
from the dock to the deeper water ; the depth of 
the channel will, of course, decn'ase froj^i the 
dock to the deeper water until it dies out to no- 
thing; it should also be deepest in the centre to 
take the boat s keel. The course of the channel, 
if of considerable length, should be marked with 
a few sticks, long enough to show above the 
water at high tide, to guide you when hauling 
her out with the anchor, which must of course 
be laid out in a straight line with the centre of 
the channel. The boat, after all movable weights 
have been taken out of her, will be ready to be 
Iiauied out as soon as she floats in the dock 
Always remember that rolling a boat when she 
IS ashore, but waterborne, will fielp her very 
materially to work a channel for herself. ^ 
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Knots and Splices. 


Everyone who has anything to do with boats 
of any sort should learn a few of the simpler 
knots in common use for making a rope fast 
to a ring or post, or for joining one piece of rope 
to another. The novice usually makes a boat 
fast to a post by taking innumerable turns of the 
boat’s head-fast or “ painter ” round the post, 
and then finally omitting to make a secure knot. 

The fleet Knot. 

The reef knot (Fig. i) is a very simple knot to 
make; the illustrations show the distinction 
between it and the granny (Fig. 2), the differ- 
ence being that both ends of each rope come out 



Fig. 1.— Beef knot 

together on the loop of the other, whereas in 
the granny the ends come out upon different 
sides of the loop. There are two knots in com- 
mon use, either of which will do to make a rope 
fast to a ring or a post ; these are the bowline 



Fig. 2.— Granny kdot 


and two half-hitches ; the former is the more 
seamanlike method, as it is not so likely to jam 
as the two half-hitches, while it is even more 
secure. 

The Bowline, 

This knot is made in the following manner. 
Pass the end of the rope through the ring or 
round the post, then take the standing part of 
the rope in your left hand, the ring or post being 
next to you and the end of the rope in your right 
hand; lay the end over the standing part and 



make an overhand knot as if you were going to 
make a reef knot (Fig. 3). Now capsue the 
knot until it becomes a half-hitch in the stand- 
ing part on the striped end (Fig. 4). The 



must now be passed behind and round the stand- 
ing part away from the ring, and back down 
through the same half-hitch. The knot may 
then be pulled tight into the form shown in 
Fig. 5. Another and slower, but perhaps sim- 
pler method of making a bowline is to make a 
loop (Fig. 6) in the standing part, pass the end 
through the ring, up through the loop (Fig. 4), 
behind and round the standing part and down 
through the loop again as before, but care must 



be taken that the loop on the standing part is 
made so that the part which goes through the 
ring comes above the standing part. Should the 
loop be made with this part underneath the 
standing part on top, then ihe end after passing 
through the ring must pass down through the 
loop, over and in front of the standing part and 
back underneath, coming up through the loop 
again ; in fact it is exactly the same as before 
but the other way up. In most cases the stand- 
ing part has been shown white and the end 
black, to distinguish them. 



Fig. 3. 


Fig. 6.— An alternative. 
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Two Mmif-tHcbes. 

This is undoubtedly the quickest and simplest 
way of making a rope fast, and it is quite secure 



if properly done, but if too much strain be put on 
it It may join and cause a lot of trouble before it 
can be undone. To make this knot, pass the 
end of the rope through the ring as before, then 
round the standing part and up through its own 
bight or loop (Fig. 7). Now pass the end round 
the standing part once more and up through the 



Fig, 8. 

second loop (Fig. 8). In this knot the standing 
part always remains straight from the boat to 
the ring, while both the turns are taken entirely 
with the end. 

Round Turn and Two HalUhitchea, 

A better knot lor attaching a rope to a ring 
than the two half-hitches described is made by 
taking the rope twice through the ring instead 
of once before making the two half-hitches 
(Fig. 9). This is not so likely to jam, and per- 
mits of a good strain being put on the rope in 
the act of making it fast, which cannot be done 
with the bowline, and is liable to jam the two 
half-hitches. 



Fig- 9*— Baund tom and two half-hitches. 


FUberman*M Bond. 

The fisherman’s bend (Fig. 10) is usually em* 
ployed for attaching a rope cable to an anchor Ih 



Fig. 10.~Fisherman’s bend. 


small boat> ; it is made by passing the rope twice 
through the ring and then passing the end 
through hath loops. The knot, therefore, is 
complete at A, but for extra security the end is 
either seized (or lashed with small line) to the 
standing part, or a half-hitch is made round it 
as shown at B. The latter is the quickest 
method and most secure, but it is not quite so 
neat as the seizing. 

Cow Hitch, 

There is one other way of attaching a rope to 
a ring, which is frequently employed by lands- 
men, and that is the “ cow ” hitch (Fig. 11). In 
this case the end is simply tied to an overhand 
knot round the standing part ; it is a most un- 
seamanlike knot, as it is liable to jam and also 



Fig, 11.— Cow hitch. 

to slip, while it is at all times difticult t^, un- 
fasten. 

Fastening Ropes to Spars or Larger Ropes. 

Most of the previous knots have been made for 
the purpose of attaching the end of a rope to a 
ring or round a vertical post to make the boat 
fast, etc. ; but in the next series the knots are 
designed for making a rope fast to a spar, rail, 
or larger rope, which may be horizontal or in 
an^' other position, and on which the strain may 
come in the direction of the length of such spar, 
etc., in such a manner that it is important that 
the knot should not be able to slip sideways 
along it. 


THE MOTOR 

Timt^er 

The simplest of these knots is the timber hitch 
(Fig. J2), which is formed by taking a half hitch 
round the spar and twisting the end once more 



Fig. 12.“ Timber hitch. 


round its own part, instead of taking another 
half-hitch round the standing part. This knot is 
only satisfactory when it is made round a spar 
of considerably greater diameter than the rope, 
and so long as the strain is steady on the rope 
after the knot is made, as it is liable to come 
adrift if the rope is new and the strain inter- 
mittent. Another objection is that it cannot be 
made while there is a strain on the rope. It is, 
however, equally good for either side or direct 
strains, and it is very easy to make a cast off. 
The timber hitch is usually employed to attach a 
rope to the end of a spar or baulk of timber 
which has to be hauled over the ground, 
especially in the direction of its length, and for 
towing purposes. In the lattei; case, unless the 
tow is only for a short distance, a half-hitch 
might be used on the spar in addition to the 
timber hitch as an extra security - 

BlackwaU flitch. 

This is the simplest of all hitches, and is used 
to attach the end of a rope to a hook where the 
load is steady and fairly heavy. It is formed by 
passing the end of the rope over the middle of 
the hook, round it, and back over the hook, but 
undet its own part, the weight on the first turn 
will then jam the end between it and the hook, 
so that it will never slip so long as there is a 
contiguous strain. 

Clove Hitch, 

Where the strain is only sideways, or where 
hath ends of the rope have to take equal strains, 
the clove hitch (Fig. 13) is one of the simplest 
and best knots. The illustration shows it so 
plainly that we need not describe how it is made, 
but we must warn beginners against a some- 
what similar knot in which the two ends come 
out on the same side, instead of on opposite 
sides, as shown in the sketch. Remember that, 
In making a clove hitch, the end must always 
pass round the spar in the same direction, say, 
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from left to right, in both turns, the first time 
passing under the standing part and the second 
time above the standing part, but under the last 
turn of its own part. This knot can be made 





Fig. 18.“Clove hitch. 


under strain and will not slip, no matter in what 
direction or on which end the strain may come. 
With a little practice a clove hitch can be made 
by giving the rope a couple of twists, forming 
a pair of loops, which are then dropped over the 
end of the spar and hauled taut. 

Roiling Hitch, 

Where a rope has to be made fast under a 
considerable strain to a spar or to another rope, 
and where it is desirable to increase rather than 
diminish the strain in the act of making it fast, 
the rolling hitch (Fig, 15) is the only suitable 
knot, lo make this knot, take a single half- 
hitch round the spar or rope, as in Fig. 14, 



keeping as much strain as possible on the rope 
(it is shown slack in the sketch to make the 
method clear) ; now take the end round the spar 
again and pass it up and under the standing part 
in the direction of the arrow, taking care that 
the second turn is between the first turn and the 
standing part, or as sailors term it, a riding 
turn ; now take a third turn round the spar and 
pass the end up through its own bight or loop, 
making a half-hitch outside the first two turns, 
as shown in Fig. 15. It will be found that io 



Fig. 15.“l^olliag kitek 
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passing the second or riding turn and pulling it 
tight away from the direction of the strain on 
the standing part that the latter is hauled bodily 
along the spar, etc., for the distance required to 
let the riding turn lie alongside the first turn, 
thus tightening the rope by that amount. The 
half-hitch then secures the whole knot. If a 
rope is passed through a ring and a rolling hitch 
made with the end on the main part of the rope 
it can not only be made fast under strain, but the 
hitch can be made to slide along the rope by re- 
moving the strain to a slight extent and pushing 
:t along' with the hand. This will allow the rope 
to be tightened or slacked at will, as in the case 
of tent ropes or boats ^ mooring warps when 
alongside a wharf or dock. 

Joining the Ends of Two Ropes, 

The common bend (Fig. i6) is the simplest 
method of joining two ropes. The end of one 
rope is doubled back on itself, and the other rope 



Fig. 16.— A common bend. 


IS brought up through the loop, round and under 
both parts and back over both parts of the loop, 
but under its own standing part. In making 
this bend be careful to hold the two parts of the 
(black) loop together until the knot is jammed 
tightly, as if any strain were to come on this 
black rope before the knot was secure it would 
unreeve itself through the other parts. To 
make an absolutely secure bend it is safer to 
make a bowline on the black rope, instead of 
simply doubling the end together. 

Topsail Sheet Bend, 

When the end of a rope has to be made fast 
to the bight (or middle) of another rope or to the 
cringle (or eyelet) in the clew of a sail, and the 
•train is intermittent, it is possible that the 



Fig. 17. -Topsail sheet bend. 


common bend might shake loose unless it be 
very carefully jammed. In this case, a second 
turn is taken round the two parts of the loop and 
under the standing part, forming a topsail sheet 
bend (Fig. 17). Tnis is particularly useful where 


the two parts of the loop to which the other rope 
is bent are liable to be pulled apart, as in this 
case the common bend would be capsized and 
come adrift. 

Splicing and Whipping. 

An eye in the end of a rope is frequently re- 
quired on all sorts of boats, and on motor boats 
it is useful for the ends of head and stern moor- 
ing lines which are usually attached to the moor- 
ing bollards or to rings on the bow and stern of 
the boat. We would never advise splicing a 
paind^r or head fast into the ring in the bow of a 
boat, it is far better to make a long eye-splice in 
the rope and pass both parts of the eye through 
the ring and then pass the end of the rope 
through its own eye. This allows the rope to 
be detached from the ring at any time wKhout 
cutting the eye. 

The Eye^sptice, 


To make an eye-splice, unlay (or untwist) the 
strands for about five inches at the end of the 
rope in which it is ^intended to splice an eye* 



Fig. 18.— Eye-BPlice, first stage. 


Double the end over to form an eye of the ro* 
quired size, so that the enlarged portion over- 
laps the standing part of the rope at the point 
where the splice is to start (Fig. 18). 

Now open the lay (or twist) of the standing 
part of the rope by raising the middle strand 
(shown white) with a maiiine-spike. Then lay 
the untwisted ends over it, so that the under 
end (shaded) lies across the standing part and 
away from you, the upper and nearest (white) 
strand towards you, and the third or middle 
strand (blacky right on top of the standing part. 
This centre (black) strand must now be tucked 



Pig 19.— Bye-splice, second stage. 


under the raised (white) strand and pulled 
closely into place, as shown in the first SKetch. 

The under and further (shaded) strand muet 
now be passed over the white strand under which 
the centre strand has already been tucked, and 
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it must then be tucked under the next (shaded) 
strand of the standings • part (Fig. 19), The 
nearest and upper (white) strand being tucked 
under the third (black) strand of the standing 
part, so that all three strands of the. end are 
under different strands of the standing part and 
all pointing away from you and towards the 
right if it is ordinary right-handed rope, or away 
from you but towards the left if the rope is left- 
handed. All the three strands should now be 
pulled gently towards the right until the two 
parts of the rope are closely united (Fig. 19). 
Once you have the three strands of the* end 
passed under three different strands of the stand- 
ing part, all you have to do to complete the splice 
is to continue passing each strand over the next 
strand to that which it has last been tucked under 
(always going over a strand) and under the next 
strand until each strand has been tucked under 
three times No two strands must be tucked 
under the same part unless there is another 
strand going over it between them. A splice 
may be tapered, so that the extra thickness 
caused by the interlacing ends will die away into 
the same thickness as the rest of the rope. To 
do this, after the strands have been tucked 
twice, they must be unravelled into yarns (six to 
each strand as a rule in small rope), these yarns 
must then be divided, say, into three parts, and 
only two-thirds of the yarns tucked under the 
next strand, half the remainder being again 
tucked : making two lucks with whole strands, 
a third tuck with two-thirds strands, and a 
fourth and final tuck with one-third strands. 
When the splice is complete and all strands 
hauled close, it should be placed on the floor 
and rolled under the foot, or lightly beaten with 
a mallet until all parts are jorced down as 
smooth as possible, the ends may be then cut off 
about half an inch clear of the rope. 

1 Simple Method of Wire Splicing, 

To splice an eye in wire rope whip the rope at 
the point to which it is necessary to unlay the 
strands for splicing ; aUo whipping the end of 
each of the six strands. The correct method of 
splicing six-strand rope is rather difficult to 
describe, but it is simple enough if we take the 
six strands in pairs and treat them as three 
strands, tucking two strands under two for the 
first ^uck, then for the second tuck take the 
farthest strand of each pair, tuck it over two 
and under one. The neared strand of each pair 
being taken over one and under one, this will 
bring each of the six strands out under a dif- 
ferent strand and they will then follow on 
singly. To taper, drop one strand at the second 
tuck, one at the third, and so on. 

The Short Splice. 

Although the eye-splice already described is 
the Simplest form for the beginner to learn, the 
short splice is really the one which best fulfils 
the true object of a splice in the ordinary sense 
of the word, i.e., joining two ropes together so 
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that each becomes part of the other without a 
knot being used. In short splice both ends must 
be inlayed ; they are then interlaced so that there 
is always one end of each rope between two 
ends of the other. When they have been pushed, 



Fig. 20.— Short splice, first stage. 


closely together they should be prevented from 
altering their position by a tight lashing over the 
three ends of one rope, and the standing part 
of the other (Fig. 20). This portion should be 
firmly held in the left hand, and a strand 
(shaded) of the rope on the right being raised 
with the spike; an end of the rope on the left 
(white) should be taken over the (white) strand 
before, and under the raised (shaded) strand* 
The next strand of the rope (shaded) must now 
pass over a strand of the rope (black), and under 



Fig. 21.— Short splice, second stage. 


the strand (white) over which the first strand 
passed. The third strand (black) of the rope will 
then pass over the strand (shaded) of the rope 
under which the first strand (white) of the same 
rope passed. The result will now be that each 
strand is over one and under one of the other 
rope, all three strands of the rope coming out 
from under different strands of the rope (white 
under shaded, grey under white, and black 
under black)— Fig. 21. The next thing is to 
turn the rope round, so that what was originally 



Fig. 22.— Short splioei third stags* 


the rope on the right now becomes the one on 
the left ; cut the lashing and tuck the new ends 
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as tefore (white over white and under shaded, 
$ha<ited t>ver black and under white, and black 
over shaded and under black) — Fig. 22. Each 
rope will now have its ends tucked once under 
the lay of the other rope, and the process should 
be repeated, with both sets of ends making two 
sets of tucks, or four in all. The ends can then 
be tapered as already described for the eye-splice 
if desired. 

Whipping and Serving. 

To prevent the end of a rope from unravelling, 
it is usual to bind it tightly with fine twine, 
which is called whipping the end. To do this, 
take a piece of waxed or tarred whipping or 
sewing twine and, holding the end of the rope in 
the left hand, nip the end of the twine under 





Fig. 23.--Wliipping, first stage. 


the left thumb on the rope, while a turn of 
the twine is taken round the rope over the 
end to jam it in place. The twine is now 
wound as tightly as possible round the rope and 
over its own end for five or six turns. The end 
is then turned back over these turns towards the 
right, and the rope is transferred to* the right 
hand, which again nips the end under the 
thumb. The other end of the twine is now laid 
across the turns parallel to the first end, and the 



Fig. 24 -Whipping, second stage. 


loop so formed is then wound round the rope’s 
end and over its own end (Fig. 23) for another 
five or six turns, the end being then pulled tight, 
the two ends coming out in the centre, but in 
opposite directions (Fig. 24). For greater 
security these ends may be tied together in a 
reef-knot if required. 

Serving. 

It is usual to cover a splice with “ marline *’ 
or small tarred line, which is put on in a similar 


manner to whipping, except that it is hove on 
taut with a serving mallet if one is obtalnaib^* 
To serve an eye-splice, serve the rope for a <iis» 
tance equal to. the circumference of the eye 
before tlie splice is made, then complete me 
splice and serve over it, starting from the ey^ 
and finishing at the end of the splice. Of course, 
in serving, the two ends of the marline or twine 
do not come out at the same place as with a 
whipping, but the commencement and finish are 
done in just the same manner by passing half-a- 
dozen turns over the end, which is then pulled 
tigh^^ If it is in the centre of a rope, so that in 
finishing the loop cannot be passed over the end, 
the final turns must be taken over the finger 
or a marline-spike, and the end passed under 
them before the spike or finger is withdrawn, 
these turns being afterwards hauled taut one at 
a time. 

The Spanish Whipping. 

It is frequently necessary to secure the end of 
a rope from unlaying, when no whipping twine 
is available, and this may be done by working a 
Spanish whipping on the end, which is prac- 
tically splicing the unlayed end into itself, form- 
ing a sort of club end, with the strands pointing 
back along the rope. The ends are first unlayed 
as for an eye-splice, but instead of making an 
eye, one strand (shaded) is bent back on itself, 
forming a loop, the next strand (black) is passed 
over the end of the first strand and also doubled 
back on the rope (Fig. 25). The third (white) 
strand is then passed over the end of the second 



Fig. 25._SpaniBh Whipping, first stage. 


(black) strand and back through the loop of the 
first (shaded) strand, all three strands being 
turned back along the rope, and each under a 
different strand (Fig. 26). The three strands are 
now hauled taut and passed over and under the 
strands of the standing part (white ifudcr 
shaded, over black and under white; shad^ 
under black, over white and under shaded, atld 
black under white, over shaded and under bl^ckj 
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Fig. 26.— Spanish whipping, second stage. 

made of this whippinf^ and of a splice by ornit- 
ling to tuck one of the strands each time after 



Fig. 27.— Spanish whipping, third stage. 

the ^rst two tucks until one strand only is 
tucked the last time. 

The Single Wall, 

Among many knots which are ornamental 
rather than useful is the man-rope knot used on 
the ends of the white cotton man-ropes at the 
gangway of large yachts, or for any purpose 
where an ornamental knot is wanted. 

The first stage of the man-rope knot is shown 
in Fig. 28, and is termed a single wall. It is 
formed in much the same way as the first part 
0! the Spanish whipping already described ; but 
instead of each end passing over another end 


Fig. 28.— Single wall. Pig. 29.— Wall and Crown. 

is then taken round grey and up between white 
and grey, while white is taken round black and 
up through the loop of grey, the whole being 
then pulled gently into place until all the turns 
are even but not tight. 

The Wall and Crown, 

The next stage is precisely the same as the 
commencement of the Spanish whipping. Grey 
is formed into a loop with the end down along 



Fig. 30.— Wall and crown, final stage* 
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the ix>pe between black and white. Black is 
tfi^en over grey and down between white and 
grey, and white is taken over black and through 
the Ipop of grey down along along the rope, as 
with the others. The three ends now come out 
at the sides of the knot between the two parts, 
whicii together are called a wall and crown (Fig. 
29). This in itself is a pretty knot, but it has 
the great disadvantage of easily working loose 
and coming to pieces unless it is made of tarred 
rope and hove up tight as shown in Fig. 30. 

The Man^rope Knot 

To make the wall 
and crown into a man- 
rope knot all that is 
necessary is to keep 
the first knot slack 
and follow the strands 
round, under and over, 
until each strand has 
gone round the knot 
twice. The ends finally 
go down the centre of 
the knot and come out 
between the strands of 
the rope underneath 
the knot (Fig. 31), 
where they are cut off 
after the knot is 
finished. As the knot 
has been made loosely 
it must be hauled taut 
before it is finished 
and the ends cut off. 

This is easily done by 
inserting the point of 
the marlin - spike 
under, say, the black strand at the root of the 
knot (the lower of the two black strands), and 
pulling it tight away from the standing part, 
then do the same thing where this strand next 
appears, following it round the knot until all 


the slack can be pulled out by the end of 
the strand under the knot. The other two 
strands must also be tightened in the same way» 
and, if necessary, all three should be gone over 
again to get the knot tight and symmetrical, 
with an* equal strain on every part of all the 
three strands, which may then be cut off as 
close as possible. 

This knot can be made equally easily in either 
three or four-stranded rope, and is a very orna- 
mental knot. 

^ Splicing Four-stranded Ropi. 

All the directions for making a short splice, or 
an eye-splice, have been for the common three- 
stranded rope, with the exception of the short 
note on splicing an eye in six-stranded wire rope, 
which can be treated as three-stranded * rope, 
with slight modifications. There is, however, 
another make of rope in the best qualities of 
yacht Manila which has four strands. In mak- 
ing a short splice it is of no consequence whether 
the rope has three, four, six, or any number of 
strands, provided both parts are the same, but 
for an eye-splice four-stranded rope is tucked 
for the first time in a different manner to three- 
stranded. Instead of having one centre strand 
to start with, we have two, the farther one of 
which is tucked as in three-stranded rope, under 
a strand of the standing part so that it comes out 
away from the hand, while the nearer of the 
two is tucked in at the same place but down 
under the next strand nearer to the operator and 
comes out towards him instead of away from 
him as all the others do. The farthest and 
nearest strands are tucked exactly the same as if 
the rope was three-stranded, so that the nearest 
strand passes under the same strand of the 
standing part a^! the nearer of the two middle 
strands, but away from you, while the other is 
towards you. They are then tucked over one 
and under one as usual, and tapered until the 
splice is complete. 



Pilotage and Coastal Cruising. 


Pilotage. 

Everyone who goes in for boating in any form 
on sea or river should endeavour to acquire a 
rudimentary knowledge of the fascinating 
science of pilotage. In other words, all boat 
owners should know by the look of the water 
when to expect shoals or strong eddy tides, also 
where to go to avoid the full strength of a foul 
tide if forced to run against it, not that this 
knowledge should ever be allowed to supersede 
the proper use of the lead line. 

Shallows. 

There are several indications of shoal water, 
plain enough to experienced eyes, and in clear 
sea water it is simple enough for the merest 
novice to see by the lighter colour of the water in 
the case of sandy bottoms, or by the sight of 


waving grounds of weed on rocky ground, 
w^hen he is getting into very shallow water, say 
6ft. or 8ft. in depth, and this, combined with a 
sharp look-out, should be enough to keep him 
clear of the ground in fine weather. In« tidal 
waters these shallows are clearly marked by 
sharp lines of ripples even on a calm day, and 
often by a muddy colour. 

Isolated Rocka, 

When running along a rocky part of the coast 
one of the worst dangers to be avoided is the 
occasional isolated rock, perhaps “just sub- 
merged at low water and quite invisible at other 
states of the tide except when the weather is 
bad and its presence is indicated by broken 
water. Most of these rocks, if of any size, ar« 
marked on the charts and mentioned very fully 
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in the sailing directions, but there are plenty of 
small close in shore which are not marked 
at aU» and these are just the ones to pick up the 
man in the small boat if he be a stranger. 

What to Avoid at Sea* 

Keep clear of solitary patches of breaking 
waves when the rest of the sea is only rolling 
without breaking ; also avoid close quarters 
with any appearance of an eddy on a calm day. 
Both these indicate submerged rocks or lumps of 
hard ground just below the surface. Where 
there is no tide to speak of, and a perfectly 
smooth sea, it is very difficult to detect a sub- 
merged rock a couple of feet below the surface 
until one is on it. 

• Stream Signs. 

Where there are strong tidal streams, such as 
one meets with in the mouth of large rivers, 
there are clearly marked surface indications 
which will not only tell the experienced pilot 
when the water is shoaling, but also show the 
various eddies and slacks to be worked when 
proceeding against the stream. To a novice 
many of the surface ripples appear to be exactly 
the same, whereas he should know that while 
transverse ripples across the run of the stream 
almost invariably mean a ledge or shoal, a long 
line of little ripples or wavelets jumping up in all 
directions, but keeping generally in the line in 
which the stream is running, merely mean the 
dividing line between the full strength of the 
stream and the side eddy. When there is any 
wind against the stream the roughest bits of 
water indicate the strongest stream ; in many 
cases the heart of the tide, as it is called, is 
clearly defined by steep, short, transverse waves 
extending right across, while the slack water at 
the sides is comparatively smooth. 

Tide Races. 

Any motor yacht or boat going round a head- 
land should keep a sharp look-out for tide races, 
and should either keep close in shore if there are 
no outlying rocks to pick her up, or go far 
enough out to sea to get beyond the influence of 
the race, unless the rounding can be made at 
high water or low water slack tides. 

• Ebb Tide Out of Harbours. 

Beware of the rush of the ebb tide out of har- 
bours. When the ebb tide runs out with the 
wind blowing in from the sea, a fearful sea is 
knocked up either just between the piers or .else a 
little distance outside, and many a small boat 
has been swamped within a few yards of the 
entrance owing to the rush of tide meeting the 
resistance of the sea and wind in the entrance. 
Even on a calm day great care should be taken 
when entering or leaving harbours of this 
description except at high water. Another thing 
to beware of in many of these harbours is the 
set of the tide across the entrance. 


Sboaia. 

The general characteristics which indicate the 
position of shoals and eddies are much the same 
m most rivers, although each one may have 
additional local peculiarities of its own, caused 
by some special conformation of the bottom Of 
sides. It may be taken as an axiom that the 
swifter the current the plainer will be the indica^ 
tions of both shoals and eddies for any given 
depth of water. Consequently, although the 
dangers are much greater on a river with strong 
tides or currents than they are on a more 
sluggish stream, yet they are much more easily 
seen and avoided on the former than they are on 
the latter, especially if, as is so often the case, 
the shoals in the slow-running river are smooth 
mudbanks without any abrupt alterations of 
depth to indicate their presence by the formation 
of surface eddies or ripples. 

Currents in a River, 

The most important thing to be remembered 
with all rivers is the direction of the run of the 
main stream as affected by the bends of the river. 
Taking the ebb tide in the lower reaches as the 
strongest and most important state of the 
stream (going ashore on the ebb means staying 
there until the flood tide refloats you), we will 
suppose that there is a sharp bend in the river 
round a point. The point itself may be “ steep 
to,*’ or with deep water close in shore and a 
steep angle to the bank. The main strength of 
the stream will probably be fairly close in to the 
point by which it will be deflected, and will then 
run short off in a more or less straight line to- 
wards the opposite shore as it curves round, 

Eddies. 

Immediately below the point down stream 
there will be a strong eddy in which the current 
will be running up river, or against the main 
direction of the stream itself. The boundary 
between the main stream and the eddy will, as a 
rule, be clearly marked by a sharp line of dis- 
turbed water, which may be only a confused 
jumble of ripples on a calm day, or, if there i.s 
much wind, it may become a very fair imitation 
of a cauldron of boiling water. In any weather 
this tide rip or “ scrimmage,” as it is called, is 
almost invariably a confused streak of water in 
which the waves or ripples run from all direc- 
tions. The centre of the main stream, if the 
wind is against it, will probably be much 
rougher than the “ scrimmage,” but here the 
waves will be fairly regular and at right angles 
to the run of the tide. With the wind in the 
same direction as the stream, however, the 
centre need not necessarily be so fough as the 
** scrimmage ” at the junction of stream and 
eddy, but, as a rule, rough water in the centre of 
a river indicates tide. It must, however, be 
borne in mind that in a river, as it is elsewhere, 
a rough patch with short transverse waves, 
especially if the latter be stationary, may indi- 
cate a shoal or bar across the run of the current. 
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Skn^r stationary transverse waves are usually 
to be met with just below the arches of many of 
the old stone bridges, at which point there is 
frequently a series of short waves so steep as to 
be dangerous to a very small boat with low 
freeboard. 

Direction of Stream. 

Having dealt with the surface indications, 
which show the run of the stream and eddies, 
and which will practically be the same for all 
rivers with a current of over two miles an hour, 
no matter whether it is tidal or merely an 
ordinary fresh-water stream, we will now con- 
sider the probable direction of the stream as 
affected by the conformation of the river bed. 

The reason why the stream runs its hardest 
sometimes on one side of the river and some- 
times on the other, is because running water, 
like all other moving bodies, is immediately de- 
flected on striking against a resisting surface 
placed at an angle with the direction of its 
flow. Let us suppose that the river is per- 
fectly straight. Then the strongest part of 
the main stream will run down the centre of the 
river bed, with slacker water on each side close 
in to the banks. Now, suppose the channel 
lakes a sudden bend to the right, and then 
continues in a straight line as before. The 
Stream will continue on its original course past 
the bend until the left-hand bank deflects it. 
If the curve is very gentle, the deflection will be 
very gradual, but if it is a sharp turn, the stream 
will be throxMi oft below the bend, at an angle 
towards the right, until it strikes the bank and 
is again deflected towards the left. As water 
is not a solid body, the deflection is not 
perfect, and each time the stream strikes the 
bank it is deflected less than it was the time 
before, until it again runs down the centre 
parallel to the banks. The foregoing is the effect 
produced on the direction of the stream by a 
single bend in an otherwise straight channel, 
but it is much more common to find a river bend- 
ing alternately to the right and left in a serpen- 
tine form. In this case, supposing the first bend 
to be to the right from a straight reach as before, 
then the stream, being deflected from the left 
bank below the first bend, strikes the right bank 
and is again deflected to the left, where there is 
another bend to the left this time. The stream 
therefore rushes close to the point forming the 
bend and strikes the right bank again as it 
curves round towards the left, and so on all down 


the river. It may be taken as a general rule 
that the strongest part of the stream is close to a 
point, and the strongest eddy is just below th<^ 
same point, while a comparatively steady, biiit 
still strong, stream sweeps in round the opposite 
bend below the point. 

How to Steer up Stream, 

When coming up a river against the stfeam 
always keep close in to the bank below and 6n 
the same side as a point, as there you will find 
an eddy, which at first will be very wide, but 
witlv little difference in its direction to the main 
stream. As you approach the point which 
causes the eddy, you will find, if the tide is 
strong, that the width of the eddy from the bank 
is rapidly decreasing, but it is now a distinct 
stream running in the opposite direction to the 
main current, and increasing in strength as it 
narrows and the point is neared, until it sud- 
denly ceases to exist, having been turned round 
into the main stream again. It is at the apex of 
the rough triangle formed by the bank below the 
point on the one hand, and the main stream on 
the other, that the roughest part of the “ scrim- 
mage ” is found, /^and just abreast of the point 
the stream is at narrowest as a rule. In a 
few cases, wherv>^ \ point is very prominent and 
the stream verq,^^ong, there will not only be an 
eddy, but even'C^'^econd eddy inside the first and 
running slow)/', i the same direction as the tide. 
When a point? ^ reached and the last of the eddy 
disappears, strike across for the opposite bank 
and work up close in shore until the next eddy is 
reached, repeating the process so long as the 
river continues to curve from right to left and 
from left to right alternately. If, however, it 
should go on turning, say, to the right, then the 
slackest water will usually be found along the 
inner side of the curve, in this case on the right 
bank.* Coming down wifh the stream keep 
fairly in the centre where the channel is straight, 
but rather closer to the points at all bends unless 
they look shallow It is as well to remember 
that where the eddy is below a point, there is 
frequently a flat and shallow place caused by the 
silt deposited by the eddy. In some cases, 
especially where the banks are of soft mud, a 
point may be very shallow and run off a long 
way even above the bend. As a rule, there is 
deep water close in to the bank on the /)uter 
side of a curve, and wherever the stream runs 
strongest. 


Rigs of Various Vessels. 


The following is a short illustrated descrip- 
tion of the various kinds of vessel to be met with 
when cruising round our coasts and about the 
larger ports. 

That owners should be able to give a narne 
to any rig they may chance to come across is 
very desirable, for nothing calls forth the 
rtdicule of yachting men more quickly than 
Ignorance of technicalities of this kind. 


It will be impossible to give full details of 
every sort of craft in the limited space at dis- 
posal, so we propose to take the principal vari^ 
ties only, commencing with the ship. 

The Ship. 

In one sen.se, of course, all vessels are ships, 
but to a sailor the term ship, when used to 
describe a vessel’s rig, invariably means a vessel 
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with IlSPefi tnurts (or more in many modem 
m[9eU)« square rig^ged on all her masts. That 
is to say, each mast is fitted with yards and 
square sails as shown in Fig. i, which gives 
a rough outline of an ordinary three-masted ship, 



Fig. 1.— Three-masted ship. 


while Fig. 2 shows a four-masted ship, and 
there are a few ships with as many as five 
masts, although such vessels are not common. 

Names of Masts and Sails. 

The names of the various spars and sails are, 
with a few exceptions, common to all classes of 
vessel, so a brief list of these terms may be of 
use to make the various descriptions as clear 
as possible. Starting from forward, the first 
spar is the bowsprit (pronounced bo-sprit). The 
side stays on this spar are termed bowsprit 
shrouds, and those underneath bob-stays. In 
addition to the single bowsprit, now almost 
universal, ships in former days were fitted with 
a second spar projecting beyond the bowsprit 
and called a jib-boom, and sometimes even with 
a flying jib-boom beyond this. The forward 
mast of all is the fore mast, then gomes the 
main mast, and, in a four-masted ship, the after 
main mast, and last of all the mizzen mast. All 
these masts as a rule consist of three parts in 
modern ships, lower mast, top mast, with top 
gallant mast and royal mast in one spar above 
all. Many ships nowadays carry nothing above 
the top gallant sails (pronounced t’gal’nt’s’l), 
but the old tea clippers had separate royal masts 
in some cases. The square sails are named as 
follows from the deck upwards, fore sail or fore 
course, lower fore top sail, upper fore top sail, 
lower fore top gallant sail, upper fore top gallant 
sail and fore royal. The head sails from the 
fore mast to the bowsprit are the fore topmast 
stay sail, inner jib, outer jib, and the flying jib 
outside all The sails on the other masts have 
the same names except that the name of the 
mast is altered as required. There is only one 
exception to this rule, and that is the lowest 
square sail on a ship^s mizzen mast which, 
Instead of being callea a mizzen sail or mizzen 
course, is known as the cross-jack (cro’jack), 
this sail, which is not shown here, is not so 
mucii used as the other lower sails, as imme- 


diately b^lnd it Qtt saiiiie .Itiiasi Is 4 ^ 9 ^ 
sail called the ^nker^ over vtrhich k eel the 
gaff top sail. Tlie fore and aft sails hptwem 
the masts ' are top masU top gallant mast/ and 
royal stay sails, named after their respective 
masts. The rigging consists of standing 
running rigging, the former being used to sup^ 
port the masts and consisting of stays to h^d 
the masts forward, lower, topmast* and top 
gallant shrouds, to hold the masts sideways^ 
and back stays to hold them aft. The running 
rigging would make too long a list here, so we 
will merely take one sail, as all are fitted more^ 
or less the same. First we have the halyard to , 
hoist the yard on the mast; this consists of two 
parts, the tye or single chain through a sheeve 
in the mast head to the yard, and the purchase 
from the other end of the tye to the deck con- 
sisting of two blocks, with several sheeves, 
according to the weight of the yard and sail. 

The lifts go irom the mast head to each yard 
arm (or outer end) to keep the yard level. The 
braces go from each yard arm to the deck, or to 
the mast immediately behind to turn the yard 
round from one side of the ship to the other. 
The sail itself is “ bent ” or fastened to the 
up|>er part of its yard to an iron rod or jack 
stay, and its lower corners or clews are hauled 
down and out to the ends of the yard beneath 
by chain sheets and hauled up to ifs own yard 
for stowing by clew lines, the middle or bunt 
of the sail being hauled up by bunt lines. On 
the lower sails the chain or rope holding down 
the lower corner of the sail on the side from 
which the wind comes is called the tack, while 
that on the outer side is the sheet. The head 
sails and stay sails have halyards, sheets, and 



FUr. 2.— Four-masted ship. 


downhauls, and the spanker has peak halyards, 
vangs (or guys) to steady the end of the gaff, 
and outhauls to haul the sail out on the gaff 
and boom and brails to gather it up to the mdst. 

The Barque* 

The barque is merely a ship with the after 
mast fore and aft rigged without square 
or yards, and it, like the ship, may have any, 
number of masts, three or four being the com- 
monest (see Figs. 3 and 4). It as usually con* 
aidered to be a handier rig than the 



^22 


THE MOTOR BOAT MANUAL. 


especially for small vessels. There are several 
"^varieties of the barque rig-, some having no 
‘Square mainsail, and occasionally no square 
fore sail; all these are known as “Jackass” 
i barques, and are mostly to be met with about 
vthe Mediterranean. If the masts are all in 



FiR. 3.— Three-masted baraue. 

one piece from deck to truck, they are then 
known* as polaccre ships, barquesq, brigs, etc., 
but though this was a common rig in the early 
part of the last century, it is rarely seen now, 
and it was only used in small vessels. Any 



FiR. 4.— Four-masted barque. 


-departure from a regulation rig is usually 
known as a “ Jackass ” rig, no matter whether 
it be a barque, brig, or other rig. 

The Barquentine, 

Next in size to the ship and the barque comes 
the barquentine (Fig. 5 ), which is frequently 
^confounded with the three-masted top sail 
-schooner (Fig. 6 j, The difference between them 
ties entirely in the manner in which the fore 
itiast is rigged and fitted. In the barquentine 
the fore mast consists of a lower mast, top mast, 
and top gallant mast, with fore sail or fore 
course, upper and lower fore top sails, single 
fore top gallant sail as a rule, and sometimes a 
fore royal. On the other hand the three-masted 
top sail schooner, although she is also square 
rigged on her fore mast, has only a fore mast 
-with the fore top mast and top gallant mast in 


one ; she has usually a fore and aft gaff sail and 
a fore stay sail, neither of which is used on 
vessels which are fully square rigged forward. 



Fig. 6.—Barauentine. 

Her square sails consist of an upper and lower 
fore top sail and a fore lop gallant sail only as 
a rule, all her other sails being fore and aft. 
This, with the barquentine, is one of our com- 



Fig. 6.— Three-masted topsail schooner. 

montit coastei'r rigs for the larger class of 
vessels; in the States, however, the square top 
sails are generally omitted and the number of 
masts increased, in some cases up to seven even. 

The Brig and the Brigantine, 

These rigs are both two-masted vessels, and 
bear the same resemblance to one another as 
do the ship and the barque previously described ; 
the difference consisting in this case, as in the 



Fig, 7.-Brig. 
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brgrer vessels, in the after mast of the brig (Fig. 
7) being square rigged as in the ship, while 
the after mast of the brigantine (Fig. 8) is fore 
and aft rigged as it is in the barque. 

It will be noticed that the arrangement of the 
square Sails and head sails is slightly different 
in some of the smaller vessels. The reason of 



Fig. 8.— Brigantine. 


this is that, in the first place, there are several 
ways of rigging these vessels, and, in the second 
place, small vessels never have double top gal- 
lant sails and frequently only single top sails, 
whereas in the larger vessels, in which the sails 
and spars are very heavy, double top sails arc 
universal and double lop gallant sails nearly so. 
The old vessels used single top sails and top 
gallant sails with all sorts of light sails, such 
as sky sails and moon sails, above the loyals, 
to say nothing of various fancy sails on and 
under the bowsprit, among which was the 
“ Jimmy Green.” All these sails have gone out 
of fashion now except the studding sails (pro- 
inounced “ stun-s’ls ”), which are still Used, and 
consist of small square sails set outside each of 
the ordinary square sails by means of stun-sUs 
ibooms projecting beyond the yard arms. The 
sails were called fore top mast stun-sUs, main 
t’garnt stun-s’ls, etc., according to the position 
of the sail. 

Smaller Craft 

, The vessels described hitherto have been prin- 
cipal!)^ ocean-going craft which would be en- 
gaged in long voyages to foreign ports all over 
the world, with the exception of the four l^st — 
wiz., the barquentine (sometimes termed a three- 
masted brigantine), the three-masted schooner, 
the brig, and the brigantine. These four rigs 
are usually met with on small craft in the coast- 
ing trade, although many of them are also 
foreign-going vessels of from two to five or six 
hundred tons register. The other rigs mostly 
favoured among coasters are the topsail schooner 
(two masts), the ketch, and the Thames spritsail 
barge.^^Tlie latter is essentially a Thames 
■estuary trader, hailing from London, Rochester, 
’Maldon, and Harwich, but Thames barges may 


be met with down Channd a$ . Far west a$ 
Plymouth, all along the French and Dutch 
coasts, and well up our east coast. They are 
wonderful sailers in the comparatively sheltered 
waters for which they are designed, being 
hiarkably close-winded and splendidly handled, 
but they are by no means ideal craft at sea in bad 
weather. The list of vessels working on our 
coasts would not be complete without the fishing 
lugger (Fig. 9), which may be found wherever 
the herring and mackerel happen to be, from 
Land’s End to the northern coast of Scotland* 
Their rig^ consists of a dipping lug on the fore 
mast (which has to be lowered and re-set on the 
other side of the mast every time the boat tacks) 
and a standing lug mizzen, frequently sur- 
mounted bv a small top sail as shown. They 
are probably the finest sea boats on the coast, 
this form of sail being particularly good in bad 
weather, owing to its lifting qualities as com- 



pared with the pressing effect of the gaff sail. 
The dipping lug has, however, one great draw- 
f)ack, as it requires a large and expert crew to 
lower and re-set it in tacking. 



fig. lO.—Scbooner yacht 
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Yachts. 

The largest yachts are, of course, the full- 
powered steam vessels, which, like the mail 
boats and ocean tramp steamers of the mer- 



Fig. 11.~Ketch. 

cantile marine, are now hardly rigged at all, a 
pair of naked pole masts being all that is con- 
sidered necessary on most modern vessels, and 
even that small amount of rigging is more as 
a concession to old ideas than for any actual use. 
The largest of our sailing yachts are usually 
schooners (Fig. lo), and although most of them 
arc cruisers pure and simple, there is of late 
years a decided tendency to revive the big racing 



schooner which was so common fifty years ago. 
The sketch shows a schooner which would be 
capable of a considerable amount of cruising 
although fitted with a regular racing rig, such 
a vessel, in fact, as ** Meteor ” or “ Rainbow ” 
(now ** Hamburg **)> both of which are well 
known as racers and also as having crossed the 
Atlantic. The ketch (Fig. ii) is purely a cruis- 
ing rig, and it is probably the handiest for that 
purpose, for yachts of anything between 50 and 


200 tons Y.M. iFor racing vacht^ Of 
dimensions the yawl (Fig, 12; and the, oukor 
(Fig. 13) are the most popular rigs, the former 
being the handier of the two, while the latter is 
the best all-round rig for racers, akhough fhe 
long and unwieldy boom puts it quite^ out Of 
the question for a cruiser of any considerable 
size. The smallest racers are usually lug-sloops 
(Fig. 14), but this rig is rarely used on boats of 
over 25ft. water line, as the sail is very un- 
manageable, if it exceeds 400 or 500 square feet 
area. However, on small boats there is little 
doiibt but that it is the closest-winded rig in 



existence and very simple in gear and other 
details. A combination of the lacing lug, as 
used on the CJyde and Solent, and the regular 
gaff mainsail is probably superior to either sail, 
as it is cut with a high peak like the lug, but 
instead of a yard slung in the middle it has a 
long gaff, with jaws round the mast, hoisted by 
a peak and throat halyard. 
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DINGHIES 


One of the greatest trials of life to the owner 
of a small cruising yacht, no matter whether 
she be propelled by sail, steam, or motor, is the 
vexed question of the dinghy. Should he or 
should fie not take a dinghy on a long cruise? 
If no dinghy be taken, the yacht has not the 
(literal)^drawback of having to tow it if she be 
too small to carry it on ooard ; but, on the 
other hand, it is often difficult to get ashore or 
aboard if there is no dinghy, shore boats being 
at times difficult to get, and nearly always ex- 
pensive to use. Occasionally, on arriving at a 
strange anchorage late at night it will be found 
impossible to get a boat to go ashore in, and if 
all hands have had a wetting during the pas- 
sage it is by no means a cheerful look-out if 
they have to spend the night aboard with every- 
thing wet through. 

Of course, on a yacht of anything^ like 20 tons 
a proper wood dinghy can be carried on deck, 
but in the smaller craft such a deck-load will 
be a serious inconvenience, especially in bad 
weather. A boat on deck is perhaps not so 
troublesome on a motor yacht of considerable 
power as it would be on a sailing yacht or an 
auxiliary, which would have to trust principally 
to her sails for making a passage. On the 
motor yacht a large amount of deck space is not 
the necessity that it would be* on a sailing 
vessel, as there are no sails to work; but, even 
so, if she be a small boat of 30 to 40 feet only, 
a dinghy on deck is an awful nuisance, and 
takes up a lot of room, unless she will fold up 
flat, as many do. Folding dinghies also have 
their own peculiar disadvantages. Some are as 
heavy or heavier than an ordinary dinghy of 
the same size; others are crank, and will turn 
a novice out into the cold and unfeeling ocean 
with surprising ease — usually to the joy of the 
spectators; while others, again, are very trou- 
blesome to open or dose on the deck of a small 
vessel,* where it is practically impossible to get 
round them. 

Taking all these points into consideration, the 
best course is probably to carry an ordinary 
dench-built pine dinghy, even if only Sft. long, 
if you can carry it on deck when making a 
passage. If your boat has no room for an or- 
dinary dinghy, then use a folding boat, and 
stow it flat on the cabin top, or even in the 
cabin if it can be coaxed through the com- 
panion-way. If there is absolutely no room for 
even a folding boat aboard, don’t be bothered 
with a dinghy at all on a long cruise, as you 
are sure to get her full of water or rolled over 


some time or other when towing in really bad 
weather, to say nothing of that engaging little 
habit dinghies have of jumping on the counter 
in a following sea. 

Tb0 Points of a Dinghy* 

Now as to the various points to be borne in 
mind when buying a dinghy. A good dinghy 
should be light but strong, with a very flat floor, 
hard bilges, and a full bow and stern, to get the 
maximum carrying capacity and stability. On 
no account have anything to do with a sharp- 
sterned dinghy (except where it is a necessity to 
enable the boat to be folded) ; they are reputed 
fine sea boats, but as a matter of fact they have 
nothing like the stability or carrying capacity 
of the ordinary square-sterned boats; nor are 
they a bit better in a sea ; in fact, most of them 
are extremely crank, and require most careful 
handling. 

The Berthon. 

Of the various patterns of folding dinghies, 
the Berthon, Fig. i, is the oldest and best 
known ; it is also one of the strongest, but it is 
rather heavy. It is a good, serviceable boat* 



Fig. 1. "The Berthon. 


and, having two skins of canvas with an air 
space between, will support the crew even when 
swamped ; and if one skin be torn in beaching, 
etc., the inner skin would still enable the boat 
to be used. 

The James* 

A very similar boat is the James, Fig, 2. In 
this boat only one skin of canvas is used, and^ 
fewer wood battens to distend the sides when 
open. It is much lighter than the Berthon, 
and easy to repair if the canvas is pierced— « 
difficult operation in the case of a double-skinnbd 
boat; but, of course, if a hole is made in 
canvas it will not support the crew. 
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The Oxford, 


are removed. This is a very strong boat> hut* 
like the Berthon, rather heavy. It Is very 
suitable for use on a beach, and has great 
stability. 

The Sbelhbend, 

The Shell-bend, Fig. 4, is a wooden boat, 
built of two diagonal skins, with canvas between 
and strong canvas joints along the angle t>f the 
bilge (or ‘‘ chime,*’ as it would be termed in a 
barge) ; the two sides and the bottom are elastic, 
and when the thwarts or seats are removed the 


The Oxford folding boat, Fig. 3. is on quite a 
Ufferent principle to the Berthon and James 
>oats, in both of which the sides fold down 
ilongside the stem, sternpost, and keel, while 



Fig. 3.— The Oxford. 

in the Oxford boat the bottom is of wood and 
nearly flat, the transom and sides folding down 
on it when the inner stem and a stretching piece 



Fig. 4.- The Shell-bend. 

sides may be folded down inwards on the 
bottom, and the whole stowed fiat. These boats 
tow very well, and arc very strong; they are 
also very useful to get ever mud flats, as they 
can be pushed over the mud with ease when an 
ordinary boat could not be moved. 



Defender.” Mr. May's SOh.p. boat at 21 knots. 
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ANCHORS. 


Probably the most important part of nearly 
every vessel’s equipment, next to the engine or 
sails, is the anchor. River boats naturally do 
not trouble much about anchors, but all boats 
should have one, and, in the case of a boat for 
sea use, the form, size, and consequent efficiency 
of the anchor should have the owner’s most 
careful consideration. The number of different 
patterns of anchors is very considerable, but 
many of them are only suitable for large ves- 
sels, and others are of bad design. 

Old Admiralty Pattern, 

This is the regular stock pattern boat anchor 
which is sold by most of the yacht chandlers; 
in soft ground it holds very well, but it has one 
or two serious faults. The worst of these is 
that the shank— or that part extending from the 



arms to the ring— is too short in proportion to 
the arms or flukes ; this makes the anchor 
liable to turn over, and bad at getting hold 
quickly. The palms are much too blunt and 
broad, making it difficult for the anchor to enter 
hard ground. It is also very heavy for its hold- 
ing power. 

Long^shank Fisherman's Anchor, 

In this case all the principal faults of the 
old anchor have been eliminated; the shank is 
much longer and lighter, the arms shorter, and 
tha palms sharp and shaped like a bay-leaf to 
enable them to enter the ground with the least 
possible resistance. No doubt it takes up rather 
more room than the Admiralty type, but weight 
for weight, it holds much better in all sorts of 

f round, except soft mud, and even then it is 
ttle if at all inferior. We should always 



advise the use of this anchor, if the trouble of 
stocking and unstocking is not •objected to, as 
it is the best all-round anchor obtainable and’ 
very cheap. 

Folding Anchors. 

Where space is a great consideration, one of 
the many folding anchors may be used. Of 
these, the four-arm grapnel is at once the 
simplest and one of the best holders in all sort&> 
of ground for its size and weight. 

Ihe upper pair of arms slide up and down om 
the square shank, and, when near the ring, 
may be revolved on the short rounded portion. 
They may also be fixed close to the ring to form 
a stock if desired, but, being short, are not very 
efficient in this position. It is chiefly suitable 
for boats of 25ft. and under, and it should notr 
exceed 2olb. weight. 




Four-arm anumal. 
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Tmtman*B Anchor. 

The Trotman anchor is a good holder and Is 
not likely to foul the cable when in the ground, 
owing to the upper fluke being folded close to 
the shank, but it does not stow away so snugly 



as the grapnel, unless it be unstocked, and it 
has the significant nick-name of “ thumb- 
pincher.” It a very good anchor for large 
yachts. 

Waste neys^ Smith 's A nchor. 

This is a true stockless anchor and probably 
the best pattern, although there are one or two 
close imitations. It holds well, especially in the 



larger sizes, but is heavy for its holding power. 
Like all the stockless anchors, it is slow to get 
hold on hard ground in the small sizes, but it 
is a capital anchor for large vessels. 

Simplex Anchor, 

This is a similar type to the Smith, but much 
neater in appearance, and a little lighter in 
weight; it is also a good anchor in the larger 
sizes, but is occasionally inclined to roll over 
without getting hold when a small size is used 
on hard ground. For ordinary sand or clay it 
is ein excellent anchor, and stows very snugly, 
and it can be carried in the hawse pipe like the 
Wasteneys-Smith anchor. 

Hopc^Cbantrelt Anchors, 

In both patterns of this anchor a single fluke 
travels through a double shank; it stows very 
well and holds well in all sorts of ground, but 




is occasionally uncertain in getting hold. 
Another form of anchor has the pin on which 
the fluke revolves produced to form the stock, 
in place of the ordinary stock shown. This 



anchor was first patented by Mr. G. F. Chan- 
trell, of Liverpool, in the ’seventies, and a 
similar anchor was again patented some ten 
years ago by Mr. W. Baden-Powell, K.C. 



The Karttn Anohor, 




“Claggan." one ot the first (possiblv actually the first) coasting schooners ia this country, Her 
nrin^al dimensions are:— Len^ 76ft. 8in., beam 20ft. Tin., draught Oft. 8in. ^ A 28h.ii. Bromhosl 
^ engine is fitted, and the speed with 130 tons of cargo is knots. 
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SIGNALS AND 

All who go “ down to the sea in ships ” should 
make themselves acquainted with at least the 
most commonly used of the flag signals. By 
this we do not mean to imply the ability to read 
messages which may be transmitted by a com- 
bination of flags — for that purpose an interna- 
tional signal code book is required, and should 
be carried in all vessels making consider- 
able voyages. A knowledge of the prin- 
cipal national flags, the several flags used 
in the code signals, pilot flags of our own 
and other nations, and the Several flags 
which have distinctive meanings, is always 
interesting, and may be of the utmost im- 
portance. We have, accordingly, included two 
plates of the chief national flags and of the in- 
ternational code flags, and on the latter plate 
are the burgees of the two marine motor clubs. 
Of the code flags when flown alone and without 


SIGNALLING. 

the code signal there are certain ones which 
have, a special significance, among which may 
be mentioned the following : — 

B flag means there is explosive aboard, or 
that explosives are being transferred. 

C flag means yes or affirmative. 

D flag means no or negative. # 

L flag means infectious disease aboard. 

P flag means about to sail (“ blue peter ’*). 

Q flag means vessel is in quarantine. 

S flag means vessel requires a pilot'. 

Apart from the ability to understand the mean- 
ings of flags, it is extremely useful at all times 
for boat owners and users to be able to receive 
and send messages between one craft and an- 
other or the shore when beyond hailing distance. 
There are two systems in common use for this 
purpose — Morse code and semaphore ; both are 
given here, and we would strongly urge upon all 


Morse Si&nalunc Code. 
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Numerals 
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sea^cSng* marine motorists at least to learn one, 
if not both, and to practise on all available 
occasions. 

All the ooastg-uards, and the signaloien, and 
many officers in H.M. ships know both codes, 
and would be able to receive and reply to mes- 
sages signalled to them. 

Morse Signalling, 

The Morse code consists of different arrange- 
ments of dots and dashes (or shorts and longs), 
which, on paper, may be represented in several 

ways, as F, . . — or , or iih, or 

as shown in the alphabet appended. The code 
was originally designed by Mr. Morse for use 
with his electrical telegraph instruments, in 
which a lightly-balanced pointer ticks to one 
side or the other for dots or dashes. 

In practical use, apart from electrical tele- 
graph work, it may be employed in many ways, 
a.S an extreme instance of which we may men- 
tion that, in our juvenile days, when we were 
expected to be seen and not heard, we have, 
with a brother, criticised the assembled com- 
pany at dinner by means of our toes, which met 
beneath the table. We have also used it in con- 
nection with wonderful (?) thought-reading de- 
monstrations. But that is beside the present 
point; it merely serves to show the adaptability 
of the code. 

The most usual method of signalling with 
the code over short distances in daylight is by 
means of a single flag on a handstaff. In the 
ready position this is held diagonally upwards 
over one shoulder, and a dot is signified by wav- 
ing it halfway down on the other side, a dash 
being indicated by waving it right down, return- 
ing to the ready after each, and pausing at the 
end of a letter. The end of a word is shown by 
a longer pause, or by dropping the flag in front. 

For long-distance signalling in sunlight the 
heliograph is used. This is an instrument for 
flashing a beam of reflected sunlight in the di- 
rection required, making short or long flashes. 
This method was largely used during the South 
African war, but is impracticable for the ordin- 
ary amateur, though we have used an ordinary 
hand mirror for the pur[X)se with more or less 
satisfactory results. 

For night work lamps are used, and the light 
shown for a short or long flash, being obscured 
between times; and this is the only practical 
method of signalling at night. 

Many other ways of using this code, adapted 
to various circumstances, will occur to readers, 
such, for instance, as a horn, hooter, whistle, 
or bell in a fog. 

The Morse code is the most generally useful 
for alLround purposes, but it is not so easily 
learnt or rememb^ed, nor is it quite so quick in 
use for an amateur as the semaphore system of 
signalling. 

Semaphore Signalling, 

This code is easier to learn than the Morse, 
and ts very much quicker to use, lo words a 


minute being a rate of sending and receivliiif 
that anyone can attain after a reasonable amount" 
of practice; it therefore entirely supplants the 
Morse code for ordinary daylight work with 
flags or semaphore arms, but on the other hand 
it is useless for heliograph and lamp signalling, 
so that, for all-round purposes, the Morse is 
the more useful. 

In the diagrams of the letters it will be notil^ 
that there is in every case a little horizontal arm 
at the bottom of the semaphore, which is used 
merely as an indication to shqw which ride of 


Semaphore 

signalling. 


The ••ready” position. 


the semaphore resents the sender's right 
hand. If sig;k^ re sent with this arm on the 
other side the su ^aphore must be read as if a 
man were signaffing vvith his back to the re- 
ceiver. 

The following are a few practical hints on the 
semaphore code : — 

The ready position must be assumed at the 
end of each word.* 

The alphabet may conveniently be grouped in 
** circles as shown, omitting the letter J, which 
is the opposite to P. 

Letters from T onwards have to be remem. 
bered separately. 

Numerals i, 2, 3, 4, 3, 6, 7, 8, 9, 0, are repre- 
sented respectively by the letters A, B, C, D, E, 
F, O, II, 1, K preceded by the numeral sign (op- 
posite to T). ^ 



wc v\ 
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4^ • return from numerals to the alpha, hand waving s%hdj'* JU>d;«Dintit)i]«.te 
mter j must be slg:nalled. til answered. * \ ^ " j, 

Thennnul siprnal Is opposite to the letter L. When receiving a call answer with the letter 

ThB repeat signal is the same as the letter R. J, to show that you are attending. 
iMt letters of the first circle are made, with the When a message is completed signal ttie Ift^ 
i%lit hand only, the left being kept in the ters VE. 

** ready position in front of the body. When you have received and understood i 

To call attention at the beginning of a conver- message signal RD. 
satlon signal the letter J, but keep the right Practice makes perfecL 



Off for a oruiBo: “Sphinx*' Uk Sonthampton Water. 
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MISCELLANEA. 

Itttormatioa and Advice on Various Matters not Specificaily Dealt with Blsewbere, 

Flags and Flag Etiquette. 

Their Use and Misuse. Plag Law. 


The use, or misuse, of flags is one of the 
worst pitfalls for the novice who begins his 
boating career on fresh water, as there the law 
cannot touch him, no matter what offence he 
may commit against good taste and the rights 
of the Admiralty and the Royal and other Yacht 
Clubs. 

Of course, such offences only bring down ridi- 
cule on the offender from every sailor of high 
or low degree ; but the unfortunate man usually 
does not know that he is doing anything wrong, 
as he has no conception of the fact that every 
flag has its meaning, and anyone flying a flag 
to which he has no right is morally as great an 
offender as the man who puts a string of letters 
after his name implying that he is a member 
of some learned body with which he really has 
no connection. 

Position in which to Fly them. 

Apart from the question of what may or may 
not legitimately be flown there is a right and a 
wrong position in which to fly certain flags. 

It is usual on launches to have a short vertical 
flag-staff forward on the stem head and a larger 
flag-staff at the stern either upright or with a 
rake aft. Only one flag can properly be flown 
from the after flag-staff, and that is the ensign 
of the country of which the owner is a subject. 
In the case of an owner who is not a member 
of a yacht club which is entitled to fly the white, 
blue, or red ensign with a club device he must 
fly no other flag on the ensign staff but a plain 
red ensign. The forward staff is used to fly a 
club burgee or the owner’s private distinguish- 
ing flag, which should be a small rectangular 
flag about one-eighth the size of the ensign of 
any colour and device the owner may choose to 
adopt so long as it is not an imitation of some 
existing flag. 

It is usual, however, to fly the burgee of 
some yacht or sailing club of which the owner 
is a member, on the forward staff in place of 
the private distinguishing flag, but unless the 
owner is a member of a club and has a right to 
fly the burgee no triangular or swallow-tail 
flag should be flown, as these shapes are only 
usSd for the burgees of the various clubs, with 
the exception of the flags of the international 
code of signals. 


Few landsmen know anything of the many 
strict and precise regulations which are in force 
regarding the flags which may or may n6t be 
used by different vessels and their owners. For 
instance, many yachtsmen even do not know 
that no one is allowed to fly even the red ensign 
if it has a device of any description on it, unless 
they have a personal warrant from the Admiralty 
giving them permission to fly a certain flag on 
one particular yacht only. 

The White and Blue Ensigns. 

The blue ensign is granted to vessels of the 
mercantile marine, commanded by an officer be- 
longing to the Royal Naval Reserve, and having 
a certain number of R.N.R. officers or men in its 
complement ; while the white ensign is reserved 
for His Majesty’s ships, and privilege to use it 
otherwise is very rarely granted. The Royal 
Yacht Squadron is the only yacht club which 
enjoys the privilege, although it was formerly 
enjoyed by one or two other clubs. 

Penaities. 

It will also be news to many, and probably 
somewhat of a shock, to learn that any person 
flying such a defaced flag, or the blue or white 
ensigns, with or without any device, even if he 
be a member of a club holding an Admiralty 
warrant to fly the flag, is liable to a penalty of 
not exceeding five hundred pounds for the first 
offence t unless he is the holder of a personal 
warrant from the Admiralty empowering him to 
fly the flag on that particular yacht. Any officer 
of the Navy, Consular Service, or Customs is, if 
on full pay, entitled to board a vessel flying such 
a flag with or without a warrant, and to C(2nfis- 
cate the flag. 

The Only Exception. 

The only exceptions to these rules are boats 
belonging to yachts which have a warrant in 
proper form. In the case of all yachts holding 
an Admiralty warrant the boats are allowed to 
use the ensign on a staff over the stern when 
conveying the owner and his guests to and from 
the vessel, and in this case no special warrant is 
required for each boat. It must be understood, 
however, that boats carrying the ensign in this 
manner without a warrant must be bona-fide 
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yttcht^s' boats belonging to the yacht, and not 
mer^ boats such as launches or sailing boats 
owned by a man who holds a warrant for a 
yacht to which these boats do not belong. Each 
separate boat or launch not belonging to the 
yacht for which the warrant is issued, must have 
a separate warrant if the ensign is to be flown, 
and if one man owns half-a-dozen yachts and 
boats he must have a separate warrant for each 
one. 

W^ere the Owner Joins Two Ciubs, 

Whert an owner belongs to two or more clubs, 
which are, each entitled to fly the blue ensign, 
but with different devices in the flag, a separate 
warrant must be obtained for each club. There- 
fore, if, as often happens, an owner belongs to, 
say, si$ clubs, each of which is entitled to fly a 
different ensign, he must get six separate war- 
rants for his boat if he wishes to be able to fly 
the ensign of each club when his yacht is on that 
station. If he also owns two or more boats, 
then he must get six warrants for each boat, in 
which case one would expect to find them nicely 
bound in a handy volume with an index for pur- 
poses of references. Jt certainly seems rather 
absurd to make a man carry a whole sheaf of 
warrants in this manner, and one would have 
thought that one warrant would have been 
enough if it were endorsed with the names and 
particulars of the yachts owned by the holder 
and also with the various clubs to which he 
belongs. 

Warrants for Registered Vessels Only. 

No Admiralty warrant will be issued to any 
yacht unless she is properly registered at the 
Customs House as a British ship, entirely owned 
by one or more British subjects. Many people 
have an idea that because a vessel’s name ap- 
pears in ** Lloyd’s Yacht Register ” she is, 
therefore, a properly registered vessel.. This is 
not the case, as “ Lloyd’s Yacht Register ” is 
not the same as the “ Custom House Register *’ 
at all, being merely a most useful list of particu- 
lars, etc., of all yachts of which they can be ob- 
tained by the compilers, while the ‘^Custom 
Hou§e Register” is an official document, setting 
forth the ownership and all particulars as to the 
building and dimensions of the vessel, the name 
of the master, and the port to which she belongs. 
It is a most imposing piece of parchment, and is 
the principal paper required when visiting a 
foreign port, as it proves the identity of the 
vessel and her owner in somewhat the same 
manner as a passport. 


A warrant cannot be o^kied Ica’ a 
unless both owner and oharterer are memliers tsi 
the same club; in this case a special i^'ritten per« 
mission to fly the ensign can be obUtfned 
through the club secretary from the Admiral^. 
Although there is all this difficulty^ about flyit||r 
the ensign on a hired yacht, there is no suiA 
restriction with regard to the club burgee, as 
this can be flown by any member of a club on 
any vessel he either owns or has chartered. for 
the time being. This is still the case where the 
club holds a Royal warrant in addition to the 
Admiralty warrant, although the crown in the 
burgee is specified in the Royal warrant as well 
as the crown in the ensign, but in this case the 
warrant is granted to the club and all its mem- 
bers collectively, and not to individuals and 
separate boats, as in the case of the Admiralty 
warrant for the ensign. Therefore, although 
the burgee may not have a crown in it without 
a Royal warrant, still it may be used by all of 
the club members on any boats owned by them, 
whether registered or not. 

Mow to Obtain a Warrant. 

Before an Admiralty warrant can be obtained 
the yacht or boat must first be registered 
at the Customs House. To do this applica- 
tion must be made to the Customs House 
officials to have the boat measured, and 
the matter will then be referred to the 
Board of Trade, who will send a man down to 
measure the boat; the charges are merely for 
out-of-pocket expenses, in addition to a fee of one 
guinea for measuring. The owner must obtain 
a builder’s certificate on the proper form, and 
this the builder must give when called upon. 
A declaration of ownership is also required, and 
a signed statement that the owner is a British 
subject. When all these papers and the certifi- 
cate of measurement by the Customs House or 
the Board of Trade officer have been duly sent 
in, the Customs will send down an officer with 
the carving note, which is an order to cut a cer- 
tain official number and tonnage on the main 
deck beam of the vessel (where there is no such 
beam available, it is cut on the coamings). As 
soon as the official number is carved and duly 
inspected, the register will be made out ana 
handed over to the owner, who should fill in 
from it the various particulars required by the 
Admiralty and forward them to the secretary 
of his club requesting him to apply for a 
warrant. 


Lights. 


Every vessel, be she a motor dinghy or a 
yacht of considerable tonnage, is bound by law 
to carry proper lights when under way after sun- 
The rules of the Thames Conservancy as 
to ligfhts are slightly different to those required 
hy the Merchant Shipping Act, which governs 


all vessels at sea outside the jurisdiction of the 
Thames Conservancy, whose authority extends 
down river to a Unfe drawn from the Crow 
Stone, between Leigh and Southend on the 
Essex shore, to the Yantlet Beacon, on the, 
Kenl shore. 





<tiiferieiiee consists solely in regula- 
f<Mr the lights to l>e nsed on launches aod 
. 4 ><lier small power boats. Under the Merchant 
Shipping Act* a steam or motor launch may 
.aarry a single lamp with three lenses, showing 
sMte in the centre, red to port, and green to 
starboard, so arranged that the red light cannot 
ba seen from any point on the starboard side, or 
the green light from any point on the port side* 

Thames Regulations. 

Such a tricolour lamp, houever, is not per- 
mitted by the Thames Conservancy, who insist 
on three separate lamps similar to those carried 
by larger vessels, viz., a white masthead light, 
which shall be visible ahead and for two points 
abaft the beam on either side, to be carried at 
the masthead or, in the case of boats without 
mdsts, on a staff forward, above the level of the 
sidfi^lights, or on the funnel if there is one. In 
addition to the masthead light, each vessel must 
carry a pair of side-lights, which shall be so ar- 
ranged that each lamp shows' a light directly 
ahead and extending to two points abaft the 
beam, the one on the left-hand or port side show- 
ing a red light, while that on the right or stur- 
bpard side is to show a green light. Neither 
side4ight must be visible from the opposite side 
of the boat, i.e., a vessel coming end-on would 
show a red and a green side-light, with a white 
masthead light over them in the form of a 
ttfangle, but directly she began to turn, say, to 
the right of the spectator, the red side-light 
would immediately be shut out, leaving the 
green and white lights only visible. 

Steam or Motors yacht Lights. 

All sea-going or coasting yachts or other ves- 
sels of over 40 tons Customs House measure- 
, ment must have a proper Customs House regis- 
. <!fr, and all registered vessels, other than fishing 
boats, must carry the regulation Board of Trade 
lights! of not less than Sin. diameter in the globe 
or lens. Such lights must be suitably fixed, 
and screened to show over the regulation arcs 
as previously described, and, in addition, the/ 
must be visible for at least two miles on a 
clear night. The masthead light on such ves- 
sels must be carried at a height of 20ft. above 
the deck, and must be visible at least five miles. 
If the vessel is looft. in length or over, she 
should also carry a plain white light over her 

Power vessels of under 40 tons must carry, 
when under way at night, the following lights, 
viz. In the forepart of the vessel or on the 
funnel, at a height of not less than 9ft. above 
the gunwale, a bright white light, constructed 
and fixed as described previously, but which 
shall be visible at least two miles away. Also 
green and red side-lights, properly screened, at 
a distance of not less than* 3ft. below the mast- 
head or funnel light, and visible at least one 
mile dist.nnt. Small launches may carry the 
masthead or funnel light at a distance of less 


than .9^. abo^e the hut It miMt 

above the coloured side 4 ight 3 * In the cnum* 

of the combined tricolour lamb alread^'W 
scribed. ^ 

RespottsiMRy. 

It must be remembered that these lights 
to be carried compulsorily, and, in the evem of 
a collision occurring at night, any vessel^faiting 
to prove that she had the regulation lights t>u^- 
ing brightly would not only be unable to Claim 
for her own damages, but would have to pay for 
all damage to the other vessel. 

Quite apart from the legal aspect of the case, 
owners should realise that slackness in the mat- 
ter of carrying lights may easily result in a 
serious loss of life, for which they would be 
morally responsible. 

Oil and BlectrJc Lamps. 

Most motor-boat owners like to use their 
boats occasionally after sunset, so we may con- 
sider the regulation masthead and side-lights 
as being among the most important fittings, 
especially on a river like the Thames, where 
there is a considerable amount of traffic aod 
where the regulations respecting lights are 1 
rigidly enforced. Lamps can be obtained from 
any yacht fitter at various prices, from a sov- 
ereign for a set of three, if they are of plain 
japanned tin, up to three or four guineas for a 
set of copper lights fitted with the latest pat- 
tern burners and lenticular glasses. About fifty 
shillings a set is, however, a fair price for small 
copper lights to burn paraffin, and fitted with 
plain coloured glasses. The«e would be suitable 
for a river motor boat not exceeding thirty feet 
in length. For sea use it is better to have 
more powerful lights, and for this reason the 
lenticular and dioptric glasses are preferable on 
account of the greater brilliance of the light 
thereby obtained. With regard to burners, there 
are many patterns on the market, the earthen- 
ware Barton burner being probably the best for 
paraffin, as it not only gives a good light, but 
it is less likely to blow out than any other so far 
as my own experience goes, and at the, same 
time it is particularly easy to keep clean and in 
working order. For those who can afford it» 
electric light is no doubt the best in evei’y way, 
but unless the boat is large enough to carry a 
separate motor and dynamo for the pprpose, a 
supply of accumulators must be carried ftr^the 
lights, and these have lo be frequently re- 
charged, to say nothing of the initial outlay, 
involved. Where electric lights are used, 
should be fitted so as to ship on to plugs mhm 
in th^ir places, and these may be supplied with 
switches or rot as desired. In any case, tlw 
electric lamps should be easily removable. an<| 
a set of paraffin lamps and burners should Al- 
ways be carried ready for use in case the elac- 
tric supply should fail. It is no excuse, when 
pulled up by the Conservancy for not showing 
the proper lights, to say that one has only 
electric light and the batteries are run do^j^. 
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' S^;nals to be Made by 

. in the Daytime. — The following signals, num- 
bered I and 2, when used or displayed together 
l^r separately, shall be deemed to be signals for 
Jj^l^ilot in tha daytime, viz. 

I*-— To be hoisted at the fore, the Jack or other 
national colour usually worn by mechant ships, 
having round it a white border one-fifth of the 
breadth of the dag ; or 

2 .. — ^The Intel^national Code pilotage signal 
indicated by S. 


Ships Wantios 

At Night. — ^The following aignats, numbered 
1 and 2, when used or ^fjplayed leather or 
separately, shall be deemea to be signals te.a 
pilot at night, viz. : — * v 

1. — ^The pyrotechnic light, commonly known 
as a blue light, every fifteen minutest or 

2. — A bright white light, flashed or shown at 
short or frequent intervals just above the bul- 
warks, for about a minute at a time. 

A “ flare ** should not be used for this. 


Use of Oil for Modifying the Effect of Breaking Seas. 


The Board of Trade calls attention to the fact 
“that* a very small quantity of oil, skilfully 
applied, may prevent much damage both to ships 
(especially the smaller classes) and to boats, by 
modifying the action of broken or troubled waters.” 

The principal facts as to the use of oil are as 
follows : — 

1, On free waves — i.e,y waves in deep water — the 
effect is greatest. 

2. In. a surf, or waves breaking on a bar, where 
a mass of liquid is in actual motion in shallow 
Water, the effect of the oil is uncertain, as nothing 
can prevent the larger waves from breaking under 
such circumstances ; but even here it is of some 
service. 

8: The heaviest and thickest oils are most 
effectual. Refined kerosene is of little use ; crude 
petroleum is serviceable when nothing else is ob- 
tainable; but all animal and vegetable oils, such 
as waste oil from the engines, have great effect, 
in cold water, the oil, being thickened by the lower 
temperature, and not being able to spread freely, 
will have its effect much reduced. This will vary 
the description of oil used. 

4. A small quantity of oil suffices if applied in 
such a manner as to spread to windward. 

6. It is useful in a ship or boat, both when run- 
ning or lying-to, or in wearing. 

6. No experiences are related of its use when 
hoisting a boat up in a sea-way at sea, but it is 
highly probable that much time and injury to the 
boat would be saved by its application on such 
occasions. « 


7. The best method of application in a ship at 
sea appears to be : hanging over the side, in such 
a manner as to be in the water, small canvas bags, 
capable of holding from one to two gallons of oil, 
such bags being pricked with a sail needle to 
facilitate leakage of the oil. 

The position of these bags should vary with the 
circumstances. Running before the wind they 
should be hung on either bow and allowed to tow 
in the water. 

With the wind on the quarter the effect seeffis |o 
be less than in any other position, as the oil g^es 
astern while the waves come up on the quartdt. 

Lying-to, the weather bow and another position 
farther aft seem the best places from which to 
hang the bags, with a sufficient length of line to 
permit them to draw to windward while the sbip 
drifts. 

8. Crossing the bar with a flood tide, oil poured 
overboard and allowed to float in ahead of the 
boat, which would follow witl?i,',,a bag toiling 
astern, would appear to be the bes^'^^Ian. As be- 
fore remarked, under these circumstances^ the 
effect cannot be so much trusted."^ / , 

On a bar with the ebb tide it would seein to be 


useless to try oil for the purpose ef ^ ente^rkUTi 
since it will be carried astern. * If 

9. For a boat riding in bad weathet from a rea 
anchor, it is recommended to fasten the bag to an 
endless line rove through a block on the sea anchor, 
by which means the oil is diffused welt^ ahead of 
the boat, and the bag can be readily hauled an 
board for refilling if necessary. 


Waterproof Clothing. 


All users of motor boats are sure to require 
watefproof clothing- of some description, so a 
few hints as to the best outfit and its proper 
choice and preservation may be of service to 
^^ders. The first point to be decided* by the 
wouM-be purchaser of waterproofs for boat, work 
is whether he will have true oilskins or rubber 
clothing, and this may to some extent be decided 
hy the class of boating he proposes to go in for. 

I Piver IVork. 

On all sheltered waters where rain constitutes 
the most probable cause of a wetting, there is 
nothing more suitable than a good long mackin- 
provided it is impervious to the weather* 


Hk 

Oilskins are, of course, equally efficient on the 
river or at sea, but the lighter and better vensti# 
lated mackintosh is not only far more ^omfort* 
able to wear, but it is handier to carry about, 
and is useful for other purposes besides ix>atiitg. 
For river boating, therefore, some form of 
mackintosh or gabardine in the shape, Of a long 
coat reaching to the ankles is preferable. For 
this work sea boots are not necessary, although 
they are very comfortable in cold weather. 

Sea Work* 

When one’s cruising ground is the sea, the 
question of waterproola must be locked at from 
^quite a different standpoint. In this case* nol 
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only will they have to withstand biiti th^ 
must also be able to keep out heavy spray driven 
with considerable force, and in many cases what 
Sailors call “ solid ” water, which may vary from 
half a bucketful to a green sea breaking over 
one’s head. From the latter, even the best oil- 
skins ever made will not give security from a 
partial wetting at the best, although it is sur- 
prising how much they will keep out if the collar 
nts properly and a go^ sou ’-wester is worn. It 
is, therefore, strongly advisable to use regular 
seamen’s oilskins, obtained from some respect- 
able ^m accustomed to supply seafaring men. 

Cboasittg Oilskias^ 

The best oilskins are usually fairly stiff and 
rdugh. They should be of double thickness on 
the shoulders, and at all points where they are 
likely to get much rubbing. The collar should 
fit the neck fairly closely and come up as high 
as the ears, while the skirts of the coat should 
reaeb to about half-way between the waist and 
knees; the sleeves should be fairly long, with 
elastic wrist-bands inside; and the front of the 
coat should be double-breasted, the right-hand 
side buttoning over a wide flap and the left-hand 
side then covering the other, and buttoning 
across to the right over all. The trousers should 
always have a draw-string waist-band, and 
should come up as high as possible. One of the 
best patterns is the American one, in which the 
trousers have a chest flap, which buttons up to 
the neck with shoulder-straps from the back to 
ke^ it up. Do not get the expensive silk oilskins 
so u^uently used by yachtsmen. Although tliey 


< ^ 

are much more comfortable and nicer to ieok 
than the plainer sea-gouic^ billes, they, are 
liable to become sticky than the othera, and 
cost is quite double. 

The Care of QUaklns^ 

All waterproofs, no matter whether they are 
rubber or oilskins, should be dry before they 
are folded up, if they have to be stowed a’^ay in 
a bag or locker. It is best, however, to ke^ 
them hung up in a well-ventilated place. Oil- 
skins especially suffer from want of Ventilation, 
and should not only be kept hung up, but should 
also be spread out as much as possible by means 
of the loops provided for that purpose. If they 
are always kept in this manner they should last 
at least one or two seasons without becoming 
sticky, provided they are properly dressed to be- 
gin with. 

Sea Boots* ,,, 

These should be of black rubber, dull finish 
for choice and unlined. Lined sea boots are very 
warm and comfortable in the winter, but are 
liable to get permanently damp inside if they 
once get filled with salt water, as it is almost im- 
possible to get the salt out of the felt linings. 
For this reason the unlined boots are the safest 
as well as the cheapest. Rubber boots should 
not be folded up if it can be avoided, for they 
soon crack across the instep, and then, of course, 
leak badly. A small leak in rubber boots may be 
repaired with a patch and solution from a cycle 
repair outfit, but at least a day must be allowed 
for the patch to dry. 


Cleanliness. 


To a yau:htsman, of all people, cleanliness 
ranks next to godliness, and a dirty yacht is an 
Abomination, therefore should motor yachtsmen 
and marine motorists generally cultivate the 
virtue. 

For the marine motor it is usually claimed 
that it is much cleaner than a steam engine, 
and there is little doubt that this is absolutely 
correct in the abstract. In actual practice, 
however, especially on the higher-powered boats 
on the sea, it ^ alas I only too common to find 
everything in "a most untidy condition — with 
lubricating oil everywhere. That this can be 
avoided is evident from the beautifully-kept 
yachts’ motor tenders to be seen alongside the 
Squadron steps and the steamboat pier at 
Cowes, where they are to be seen in dozens 
during Cowes week. The reason of all this is 
pot far to seek. The yacht and her boats are all 
under the constant care of men whose whole 
h^ves have been spent in keeping vessels clean 
And up to the top notch of spit and polish, while, 
in nine cases out of ten, the motor boat is in 
charge of a mechanic who has not the faintest 
idea of cleanliness as it is understood by yachts- 
men. The owner is often just as bad, if he has 
had no proper training on a smart yacht He 


would doubtless prefer to have everything in 
apple-pie order, but it is too much trouble to do 
it himself if he has no man, and, if he has a 
mechanic, the latter is probably much too free 
and independent to condescend to clean brass 
work, or even to trouble to wipe his greasy 
hands before he touches clean brass or wood- 
work. 

How to Keep a Boat CJeap, 

First of all, keep the boat tidy. Do not have 
a litter of empty |>etrol and lubricating oil cans 
all over the cockpit floor, with a profusion of 
dirty scraps of cotton waste, rusty spaniiers, 
and a general jumble of anchor, cab4, oars, 
and boathook everywhere under foot. Instead, 
have lockers for everything, and make good 
use of them, putting each thing back in its 
place when finished with. Have a neat COY^ 
over the motor. See that prc^r drip trays arc 
fitted under all the machinery, and also that oil 
guards are fixed over all parts whence cal is 
liable to be flung off. Keep the tools and 
cans as clean as possible, and, when one hA^ 
to touch the motor, attempt to keep the hands 
as clean as possible. Plenty of clean waste) 
ready to hapd but unobtrusive, is of the Very 
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grtate^^ advantaj^e. If one is out In a bit of a 
flea, am everything gets well salted, no time 
tdioufd be lost in cleaning up all parts of the 
machinery. It is more satisfactory to clear up 
at once while things are wet, but if too late at 

Sundry 

DonH try to go into or Out of a lock except 
dead slow, and l^ sure you obey the orders of the 
lock-keeper. 

Don't leave the fenders hanging over the*side 
when you are under way, except when going in 
or out of a lock or alongside a landing-stage. 

Don't have a lot of flowers on deck ; they may 
look very well on a houseboat, but they are 
quite hnsuitable and most unseamanlike on any 
other boat. 

DonH keep your side>lights and mast-head 
light in their places during the daytime or at any 
time when they are not lighted; they should 
•only be put up when they are required, from 
Msunset to sunrise when the launch is under way. 


night, have everything thorcmghly ideaiied^^^ 
thing ih the mdming. Let ybut en- 

deavour be to prevent dirt, not merely to clean 
it up, and so shall yoUr boat become a cf etjil: 
yourself and a pleasure to your friends. 

Advice. 

DonH fly flags from sunset to S a.m. 

Don't wear fancy yachting caps and bogus 
badges— they only give you away to all yachting 
men. 

DonH use a club burgee or ensign on any 
but your own private boat even if you are a 
member of the club. 

DonH fly a big flag with the Arm’s name on 
the ensign staff if you are connected with the 
marine motor trade, and have a launch which is 
used as an advertisement. 

Don't deface any of the ensigns by putting the 
firm’s name in the fly. You should fly a i^airi 
red ensign aft and a smaller rectangular flag 
forward with the name of the firm. 
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An American motor yacht. 





THE MOTOR BOAT MANUAL, 




BOARD OF TRADE REGULATIONS FOR PREYENTINQ 

COLLISIONS AT SEA- 

n^ap rpgttMiona are included here because every owner of a sea-^going vessel should be 
thoroughly conversant with them, it will be noticed that the Board of Trade definition 
of a ‘*ateam vessel** includes any vessel propelled by machinery, so that all types of 
motor craft fall within these regulations. In the event of any occurrence, the owner will 
be presumed to have a knowledge of them, and a plea of ignorance will not be accepted 
in defence of a contravention of any of their articles, 

SCHEDULE I. 


Preliminary, 

These rules shall be followed by all vessels 
upon the high seas and in all ipaters connected 
therewith, navigable by sea-going vessels. 

In the following rules every steam vessel 
which is under sail and not under steam is to 
be considered a sailing vessel, and every vessel 
under steam, whether also under sail or not, is to 
be consider^ a steam vessel. 

The word “ steam vessel ” shall include any 
vessel propelled by machinery. 

A vessel is “under way** within the meaning 
of these rules when she is not at anchor, or 
made fast to the shore or aground. 

Rules Concerning Lights^ etc. 

The word “visible** in these rules, when ap- 
plied to lights, shall mean visible on a dark 
night with a clear atmosphere. 

Article i.—The rules Concerning lights shall 
be complied with in all weathers from sunset to 
sunrise, and during such time no other lights 
.which may be mistaken for the prescribed lights 
shall be esJiibited. 

Article 2.— A steam vessel when under way 
shall carry— 

(a) On or in front of the foremast, or, if a 
vessel without a foremast, then in the fore part 
of the vessel, at a height above the hull of not 
less than 20ft., and if the breath of the vessel 
exceeds 20ft., then at a height above the hull 
not less than such breadth, so, however, that the 
light need not be carried at a greater height 
above the hull than 40ft., a bright white li^t, 
so cctfistructed as to show an unbroken light 
over an arc of the horizon of 20 points of the 
compass, so fixed as to throw the light 10 points 
on each side of the vessel— viz., from right ahead 
to two points abaft the beam on either side, and 
of such a character as to be visible at a distance 
of at lea^t five miles. 

(b) On the starboard side a green light so 
constructed as to show an unbroken light over 
an arc of the horizon of 10 points of the compass, 
so fixed as to throw the light from right ahead 
to two points abaft the beam on the starboard 
side, and to be visible at least two miles. 


(c) On the port side a red light so constructed 
as to show an unbroken light over an arc of the 
horizon of 10 points of the compass, so fixed as 
to throw the light from right ahead to two 
points abaft the beam on the port side, and of 
such a character as to be visible at a distance of 
at least two miles. 

(d) The said green and red side lights shall 
be fitted with inboard screens projecting at least 
three feet forward from the light, so as to pre- 
vent these lights from being seen across the bow. 

(e) A steam vessel when under way may carry 
an additional white light similar in construction 
to the light mentioned in sub-division (a). These 
two lights shall be so placed in line with the keel 
that one shall be at least 15ft. higher than 
the other, and in such a position with reference 
to each other that the lower light shall be for- 
ward of the upper one. The vertical distance 
between these {ights shall be less than the hori- 
zohtal distance. 

Article 3. — A steam vessel when towing 
another vessel shall, in addition to her side 
lights, carry two bright white lights in a vertical 
line one over the other, not less than six feet 
apart, and when towing more than one vessel 
shall carry an additional bright white light six 
feet above or below such lights, if the length of 
the tow, rneasuring from the stern of the towing 
vessel to the stern of the last vessel towed, ex- 
ceeds 600ft. Each of these lights shall be of 
the same construction and character, and shall 
be carried in the same position as the while light 
mentioned in Article 2 (a), except the additional 
light which may be carried at a height of not 
less than 14ft. above the hull. 

Such steam vessel may carrj^ a small white 
light abaft the funnel or aftermast for the vessel 
towed to steer by, but such light shall not be 
visible fonvard of the beam. 

Article 4 (a). — A vessel which from any acci-^ 
dent is not under command shall carry at tha 
same height as the white light mentioned in 
Article 2 (a), where they can best be seen, and 
if a steam vessel, in lieu of that light, two red 
lights, in a vertical line one over the others not 
less than si^ feet apart, and of suejb a characte* 






a# to be vittble aU round the horhson .at a die- ^ 
tence of at least two miles; and shall by day 
carry in a vertical line one over the other, not 
less than six feet apart, where they can best be 
seen, two black balls or shapes, each two feet 
in diameter. 

(b) A vessel employed in laying or in picking 
up a telegraph cable shall carry in the same 
position as the white light mentioned in Artide 
55 (a), and, if a steam vessel, in Heu of that 
light, three lights in a vertical line one over the 
otner, not less than six feet apart. The highest 
and lowest of these lights shall be red, and the 
middle light shall be white, and they shall Be of 
such a character as to be visible all round the 
horizon at a distance of at least two miles. By 
day she shall carry in a vertical line one over 
the oJ:her, not less than six feet apart, where 
they can best be seen, three shapes not less than 
two feet in diameter, of which the highest and 
lowest shall be globular in shape and red in 
colour, and the middle one diamond in shape 
and white. 

(c) The vessels referred to in this article, when 
not making way through the water, shall not 
cari^ the side lights, but when making way 
shafl carry them. 

(d) The lights and shapes required to be shown 
by this article are to be taken by other vessels 
as signals that the vessel showing them is not 
under command, and cannot therefore get out 
of the way. 

These signals are not signals of vessels in 
distress and requiring assistance. Such signals 
are contained in Article 31. 

Article 5. — A sailing-vessel under way, and 
any vessel being towed, shall carry the same 
lights as are prescribed by Article 2 for a steam- 
vessel under way, with the exception of the 
white lights mentioned therein, which they shall 
never carry. 

Article 6. — Whenever, as in the case of small 
vessels under way during bad weather, the 
green and red side lights cannot be fixed, these 
lights shall be kept at hand lighted and ready 
for use; and shall, on the approach of or to 
other vessels, be exhibited on their respective 
sides in sufficient time to prevent collision in 
such manner as to make them most visible, and 
so that the green light shall not be seen on the 
port side nor the red light on the starboard 
side, -nor, if practicable, more than two points 
abaft the beam on their respective sides. 

To make the use of these portable lights more 
certain and easy, the lanterns containirv? them 
shall each be painted outside with the colour 
of the light they respectively contain, and shall 
be provided with proper screens. 

Small Vessels. 

ArtMe vessels of less than 40, and 

vessels under oars or sail of less than ao tons 
groas tonnage respectively, and rowing boats, 
when under way, shall not be obliged to carry 
the lights mentioned in Article 2 (a) (b) and (c), 


but if they do not cat^y they AiSl he'piith 
vkled with the folkngdm 

1. Steam-vessels of Sss than 40 tons 
carry : 

(a) In the fore part of the vessdlf or on or in 
front of the funnel, where it can best be seen, 
and at a height above the gunwale ol not )esi 
than nine feet, a bright white light constfiiOted 
and fixed as prescribe in Article 2 (a), am ol 
such a character as to be visible at a distance 
of at least two miles. 

(b) Green and red side lights constructed and 
fixed as prescribed in Article 2 (b) and (c) and ol 
such a character as to be visible at a distance of 
at least one mile, or a combined lantern showing 
a green light and a red light from right ahead 
to two points abaft the beam on their respective 
sides. Such lantern shall be carried not less 
than three feet below the white light. 

2. Small steamboats, such as are carried by 
sea-going vessels, may carry the white light at 
a less height than nine feet above the gunwale, 
but it shall be carried above the combined lan- 
tern, mentioned in sub-division i (b). 

3. Vessels under oars or sails, of less than 20 
tons, shall have ready at hand a lantern with a 
green glass on one side and a red glass on the 
other, which, on the approach of or to other 
vessels, shall be exhibited in sufficient time to 
prevent collision, so that the green light shall 
not be seen on the port side nor the red light 
on the starboard side. 

4. Rowing-boats, whether under oars or sail, 
shall have ready at hand a lantern showing a 
white light, which shall be temporarily ^shibited 
in sufficient time to prevent collision. 

The vessels referred to in this article shall 
not be obliged to carry the lights prescribed by 
Article 4 (a) and Article ii, last paragfUph. 

Article 8. — Pilot-vessels, when engaged od 
their station on pilotage duty, shall not show 
the lights required for other vessels, but shall 
carry a white light at the masthead, visible all 
round the horizon, and shall also exhibit a flare- 
up light or flare-up lights at short intervals, 
which shall never exceed fifteen minutes. 

On the near approach of or to other vessels 
they shall have their side lights lighted, ready 
for use, and shall flash or show them at short 
intervals, to indicate the direction in which they 
are heading, but the green light shall not be 
shown on the port side, nor the red light on the 
starboard side. 

A pilot-vessel, of such a class as to be obliged 
to go alongside of a vessel to put a pilot on 
board, may show the white light, instead of 
carrying it at the masthead, and may, instead 
of the coloured lights above mentioned, have at 
hand ready for use a lantern with a jgreen glass 
on the one side and a red glass on the other, to 
be used as proscribed above. 

Pilot-vessels, when not engaged on th^ ate- 
, Jion on pilotage duty, shall carry lights shttSar 
to those of other vessels of their tonnage. 
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' Article g^—This article will deal with rc^la- 
tions ejecting fishing boats> and will be the suho 
Ject of another order, which will be submitted 
to His Majesty for approval at a later date. 

Article lo. — A vessel which is being overtaken 
by another shall show from her stern to such 
last mentioned vessel a white light or a flare-up 
light. 

The white light required to be shown by this 
article may be fixed and carried in a lantern, 
but in such case the lantern shall be so con- 
structed, fitted and screened, that it shall throw 
an unbroken light over an arc of the horizon of 
12 points of the compass, viz., for 6 points from 
right aft on each side of the vessel, so as to be 
visible at a distance of at least one mile. Such 
light shall be carried as nearly as practicable 
on the same level as the side lights. 

Atticle II. — A vessel under 150ft. in length, 
when at anchor, shall carry forw’ard, where it 
can best be seen, but at a height not exceeding 
20ft. above the hull, a white Tight in a lantern 
so constructed as to show a clear, uniform, and 
unbroken light visible all round the horizon of 
a distance of at least one mile. 

A vessel of 150ft. or upwards in length, 
when at anchor, shall carry in the forw'ard part 
of the vessel, at a height of not less than 20 
and not exceeding 40ft. above the hull, one 
such light, and at or near the stern of the vessel, 
and at such a height that it shall not be less 
than 15ft. lower than the forward light, another 
such light. 

The kngth of a vessel shall be deemed to be 
the length appearing in her certificate of regis- 
try. 

A vessel aground in or near a fairway shall 
carry the above light or lights, and the two red 
lights prescribed by Article 4 (a). 

Article 12. — Every vessel may, if necessary, 
in order to attract attention, in addition to the 
lights which she is by these rules required to 
carry, show a flare-up light or use any detonat- 
ing signal that cannot be mistaken for a di‘?tress 
signal. 

Article 13. — Nothing in these rules shall in- 
terfere with the operation of any special rule*? 
made by the Government of any nation with 
respect to additional station and signal lights 
for two or more ships of war or for vessels sail- 
ing under convoy, or with the exhibition of 
recognition signals adopted by shipowners, 
which have been authorised by their respective 
Governments and duly registered and published. 

Article 14.- -A steam vessel proceeding under 
sail only, but having her funnel up, shall carry 
In daytime, forward, where it can best be seen, 
one black ball or shape two feet in diameter. 

Sonaa Signals for Fog, etc. 

Article 15.—AII signals prescribed by this 
artlde for vessels under way shall be given : 

a By ** steam vessels*^ on the whistle or siren. 
By ‘^sailing vessels and vessels towed’* on 
the fog-horn. 

The words ‘^prolonged blast’* used in this 


Wtide shall mean a blast from lour to 
seconds* duration. 

A steam vessel shall be provided with aa. 
efficient whistle or siren, sounded by steam or* 
some substitute for steam, so placed that the 
sound may not be intercepted by any obstruettOUi 
and with an efficient fog-horn, to be sounded by 
mechanical means, and also with an efficient 
belf. In all cases where the rules require a hell 
to be used, a drum may be substituted on board * 
Turkish vessels, or a gong where such articles- 
are used on board small sea-going vessels. A 
sailing vessel of 20 tons gross tonnage or up- 
wards shall be provided with a similar fog-horn 
and bell. 

[It should he noted that a “ hooter ” cannot 
he regarded as equivalent to a whistle in sea-^ 
going craft, — Ed.j , 

In fog, mist, falling snow, or heavy raia 
storms, whether by day or night, the signals de- 
scribed in this article snail be us^ as follows ; — 

(a) A steam vessel having way upon her shalt 
sound, at intervals of not more than two 
minutes, a prolonged blast. 

(b) A steam vessel under way, but stopped and 
having no way upon her, shall sound, at inter- 
vals of not more than two minutes, two pro- 
longed blasts, with an interval of about one 
second between them. 

(c) A sailing vessel under way shall sound, at 
intervals of not more than one minute, when on 
the starboard tack one blast, when on the port 
tack two blasts in succession, and when with the 
wind abaft the beam three blasts in succession. 

(d) A vessel, when at anchor, shall, at intervals 
of not more than one minute, ring the bell 
rapidly for about five seconds. 

(e) A vessel, when towing, a vessel employed 
in laying or in picking up a telegraph cable, ^ 
and a vessel under way, which is unable to get 
out of the way of an approaching vessel through 
being not under command, or unable to 
manoeuvre as required by these rules, shall, in- . 
stead of the signals prescribed in sub-divisions- 
(a) and (c) of this article, at intervals of not 
more than two minutes, sound three blasts in 
succession— viz., one prolonged blast followed 
by two short blasts. A vessel towed may give 
this signal, and she shall not give any other. 

Sailing vessels and boats of less than 20 tons 
gross tonnage shall not be obliged to give the 
above-mentioned signals, but if they do not they 
shall make some other efficient sound signal 
intervals of not more than one minute. 

Speed of Ships to be Moderate in Fog, etd. 

Article 16.— Every vessel shall in a fog, mist, 
falling snow, or heavy rain storms, go -at a 
m^erate speed, having careful regard to the 
existing circumstances and conditions. 

A steam vessel hearing, apparently forward 
of her beam, the ^ fog-signai of a vessel th^ 
position of which is not ascertained, shall| so 
far as the circumstances of the case admit, stop 
her engines, and then navigate with cau|io^ 
until danger of collision is over. 
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Risk ol collision can, when circumstances per- 
mit* be ascertained by carefully watching the 
compass bearing of an approaching vessel. If 
the beartfig does not appreciably change, such 
ri^ should be deemed to exist. 

Article 17.— When two sailing vessels are ap- 
proaching one another, so as to involve risk of 
collision, one of them shall keep out of the way 
of the- -other, as follows, viz 

(a) A vessel which is running free shall ke^ 
out of the way of a vessel which is close-haulea. 

(b) A vessel which is close-hauled on the port 
tack shall keep out of the way of a vessel which 
is close-haulea on she starboard tack. 

(c) \Vhen both are running free, with the wind 
on different sides, the vessel which has the wind 
on the port side shall keep out of the way of the 
otbei’. 

(d) When both are running free, with the 
wind on the same side, the vessel which is to 
windward shall keep out of the way of the vessel 
which is to leeward. 

(e) A vessel which has the wind aft shall keep 
out of the way of the other vessel. 

Article 18. — When two steam vessels are meet- 
ing end on, or nearly end on, so as to involve 
risk of collision, each shall alter her course to 
starboard so that each may pass on the port 
side of the other. 

Tliis article only applies to cases where vessels 
are meeting end on, or nearly end on, in such a 
manner as to involve risk of collision, and does 
not apply to two vessels which must, if both 
keep on their respective courses, pass clear of 
each other. • 

The only cases to which it does apply are, 
when each of the two vessels is end on, or near- 
ly end on, to the other ; in other words, to cases 
in which, by day, each vessel sees the masts 
of the other in a line, or nearly in a line, wnth her 
own; and by night, to cases in which each 
vessel is in such a position as to see both the 
side lights of the other. 

It does not apply, by day, to cases in which a 
vessel sees another ahead crossing her own 
course ; or by night, to cases where the red light 
of one vessel is. opposed to the red light of the 
otheii or where the green light of one vessel 
is opposed to the green light of the^ other, or 
where a red light without a green light, or a 
grfsen light without a red light, is seei\ ahead, 
or where both green and red lights are seen 
anywhere but ahead. 

Article 19.— When two steam vessels arc cross- 
ing, so as to involve risk of csollision, the vessel 
which has the other on her own starboard side 
shatj keep out of the way of the other. 

Article ao.— When a steam vessel and a sailing 
are proceeding in such directions as to 
involve risk of collision, die steam vessel shall 
keep out of the way of the sailing vessel. 


Article 21. — Where by any ol these tfules one of , 
two vessels is to keep out of the way, the Oth)^ 
shall keep her course and speed. 

Note. — When, in consequence of thicfc 
weather or other causes, such vessel finds hersetf 
so close that collision cannot be avc^ed by th< ' 
action of the giving-way vessel alone, she also^ ^ 
shall take such action as will best aid to avert 
collision. (See Articles 27 and 29.) 

Article 22.— Every vessel which is directed by 
these rules to keep out of the way of another 
vessel, shall, if the circumstances of the case 
admit, avoid crossing ahead of the other. 

Article 23. — Every steam vessel which is 
directed by these rules to keep out of the way of 
another vessel shall, on approaching her, if 
necessary, slacken speed or stop or reverse. 

Article 24.— Notwithstanding anything con- 
tained in these rules, every vessel overtaking 
any other shall keep out of the way of the over- 
taken vessel. 

Every vessel coming up with another vessel 
from any direction more than two points abaft 
her beam, i.e., in such position, with reference 
to the vessel which she is overtaking, that at 
night she would be unable to see either of that 
vessel’s side lights, shall be deemed to be an 
overtaking vessel ; and no subsequent alteration 
of the bearing between the two vessels shall 
make the overtaking vessel a crossing vessel 
within the meaning of these rules, or relieve her 
of the duty of keeping clear of the overtaken 
vessel until she is finally past and clear. 

As by day the overtaking vessel cannot alway.*? 
know with certainty whether she is forward of 
or abaft this direction from the other vessel, 
she should, if in doubt, assume that she is an 
overtaking vessel and keep out of the way. 

Article 25. — In narrow channels every steam 
vessel shall, when it is safe and practicable, keep 
to that side of the fairway or mid channel which 
lies on the starboard side of such vessel. 

Article 26.— Sailing vessels under way sh«ll 
keep out of the way of sailing vessels or boats 
fishing with nets, or lines, or trawls. 

This rule shall not give to any vessel or boat 
®*^aged in fishing the right of obstruedng a 
fairway used by other vessels other than fishing 
vessels or boats. ,» 

Article 27.— In obeying and construing these 
rules, due regard shall be had to all dangers of 
navigation and collision, and to any special 
circumstances which may render a departure 
from the above rules necessary in or^r to avoid 
immediate danger. 

Sound Slgjuda tor Vaaaels in Sight od . 

One Another, 

Article 28.— The words ** short blast •* uM tg 
* this article shall mean a blast of about 6xfO 
second’s duration. 
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When vessels are in si^ht of one another, a 
itcam vessel under way, in taking anv course 
authorised or required by these rules, shall indi> 
cate that course by the following signals on her 
whisde or siren, viz. 

One short blast to mean, I am directing my 
course to starboard.** 

Two short blasts to mean, ** I am directing 
my course to port.’* 

Three short blasts to mean, My engines are 
going full speed astern.** 

No VeB9ei Under any Clrcumstancea to 
Neglect Proper Precautions, 

Article 29. — Nothing in these rules shall ex- 
onerate any vessel, or the owner, or master, or 


crew diereof, from the chn^uenees ql i^qy 
neglect to carry lights or signals, or cd any 
neglect to keep a proper look out, or of the 
neglect of any precaution which may be required 
by the ordinary practice of seamen, or by the 
special circumstances of the case. 

Reservation oi Rules tor tJarlHMirs and 
inland Navigation, 

Article 30. — Nothing in these rules shall inter- 
fere with the operation of a special rule, duly 
made by local authority, relative to the naviga- 
tion pf any harbour, river, or inland waters. 
[The Thames Conservators and other river and 
harbour authorities adopt special rules for 
their several districts , — Ed.] 
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Distress Signals. 

Article 31.— When a vessel is in distress and 
requires assistance from other vessels or from 
the shore, the following shall be the signals to 
be used or displayed by her, either together or 
separately, viz. 

In the daytime — 

I. A gun or other explosive signal fired at 
intervals of about a minute. 

a. The International Code signal of distress 
indicated by flags N.C. 

^3. The distant signal, consisting of a square 
flag, having either above or below it a ball or 
any^ing resembling a ball. 


4. A continuous sounding with any fog-signal 
apparatus. 

At night — 

1. A gun or other explosive signal fired at 
intervals of about a minute. 

2. Flames on the vessel (as from a burning 
tar-barrel, oil-barrel, etc.). 

3. Rockets or shells, throwing stars of any 
colour or description, fired one at a time, at 
short intervals. 

4. A continuous sounding with any fog-signal 
apparatus. 

[Distress signals should never he made with- 
out adequate cause . — Ed.] 



‘ Quo Tadis," a Dutch yacht 





BYE-LAWS FOR THE REGULATION OF PETROL MOTOR 


LAUNCHES ON 

I.— These Bye-laws may be cited as V Th® 
Thames Motor Launch Bye-Laws 1906 ” and 
-shall eome into operation the after the same 
are cxjnfirmcd by the Board of Trade 
a.—* These Bye-laws shall be applicable to the 
Thatnes as denned by the Thames Conservancy 
Act 1894. [If Is possible that the Port of London 
Bill before Parliament as we go to press may 
affect the regulations, though we do not antici- 
pate that they will be materially altered.— Ed.] 

Definitions. 

3. — In these Bye-laws the words and expres- 
sions hereinafter mentioned shall have the mean- 
ings hereby assip^ned to them respectively unless 
there be something in the subject or context re- 
pugnant to such construction viz. : — 

The expression petrol motor launch 
means any vessel in which the motive 
power is supplied by petroleum to which 
the Petroleum Acts 1871-1879 apply* 
whether such petroleum is used in an 
internal combustion engine or for the 
generation of steam or otherwise but 
the said expression shall not include a 
petrol motor launch, having no petro- 
leum on board when being towed. 

The word “ master ** when used in relation 
to any petrol motor launch means any 
person whether the owner master or 
other person lawfully or wrongfully 
having or taking the command charge 
or management of the petrol motor 
launch for the time being. 

The expression “ Officer of the Conserva- 
tors ” means any lockkeeper or other 
officer of the Conservators or any per- 
son employed by them and authorised 
^ by writing under their Common Seal 
to carry out the provisions of these Bye- 
laws. 

Insist iation Requirements^ 

4. — No petrol motor launch shall be navi- 
gated into or through any lock on the Thames 
unless it is constructed in accordance with the 
following requirements 

Carburetters. 

. (o) Carburetters (the design or construction 
whereof may in any circumstances per- 

• FAuA PoM, 73^ F., whkkdois not include ordmty paraffin. 
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mit of an overflow) so fitted as hi the 
event of an overflow to dram into a 
gauze-covered receptacle capable of 
being emptied from time to time as 
may be necessary and of a form to be 
approved by the Conservators. 

Puei Tanks and Stowage. 

(b) Fuel tanks constructed of copper or an 

alloy of copper riveted or of steel effi- 
ciently galvanised after making up and 
their freedom from leakage or liability 
to leakage ascertained by testihg. 

(c) A closed locker provided for the stowage 

of petrol cans whether containing petrol 
or not such closed locker not to be 
placed in close proximity to the exhaust 
pipe. 

(d) Fuel tanks installed in such a position 

that ready access can be had to all con- 
nections. 

Puei Pipes. 

(e) All fuel {Mpes of seamless drawn cc^er 

or other tubing approved by the Con- 
servators. 

(/) Fuel pipes fitted with ground cone union 
joints or other approved form of joint 
and not with flange or socket joints. 
The main fuel pipe provided with suit- 
able means for giving it the necessairy 
elasticity. If bends or coils are fitted 
one should be placed close to the fuel 
tank and another close to the carburet- 
ter. 

(^) Fuel pipes carried where they are least 
liable to become damaged and in tili 
cases so fitted that ready access con 1^ 
had to them and all connections 
throughout their entire length. 

Cocks on Pipes. 

(h) One cock fitted to the fuel feed pipe where 
it leaves the tank and another where, ^ 
joins the carburetter. Provided thatin 
respect of petrol motor launches iwfs- 
tered prior to the date when these fee- 
laws come into operation and havmg 
only one cock in the fuel feed pipe dbe 
Inspector of the Conservators 
exercise his discretion as to the nSees ^ 
sity of a second cock to such plpe^ 
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Bjtbmist fHpes, 

(Q The exhaust pipe water cooled unless 
taken into a funnel. Where the exhaust 
pipe is taken into a funnel provision 
made to prevent liability of ignition of 
inflammable vapour in any part of the 
boat. 

Silencer, 

(/) The silencer effective as regards suppres- 
sion of noise of exhaust to the satis- 
faction of the Conservators and con- 
structed of sufficient strength to pre- 
vent it bein^ injured by the occurrence 
of an explosion therein. 

Engine Tmy, 

(fe) A spirit-tiglit tray or receptacle the sides 
of which are carried up as high as the 
propeller shaft will permit of fitted be- 
neath the engine so as to prevent leak- 
age of spirit and lubricating oil escap- 
ing into any other part of the boat. 

Ignition Arrangements, 

(J) The ignition circuit throughout carefully 
insulated. High tension leads from coil 
to sparking-plugs carried through a 
water-tight tube or so installed as to 
prevent leakage of current or risk of 
breakage oi damage by water. 

(m) Electric leads properly supported. 

(n) If a “ spark gap ” be employed it must 

be so enclosed as not to be capable of 
igniting inflammable vapour. 

(o) Some form of sparking plug employed in 

which external sparking is as far as 
possible guarded against. 

ip) If trembler coils are employed the same 

must be placed in a position where an 
accumulation of inflammable vapour is 
, not likely to occur. 

iq) No form of hot tube ignition employed. 

Pncilitles for Inspection. 

5. — The master of every petrol motor launch 
whilst waiting to enter or when in any lock 
on the Thames shall give to any Officer of the 
Conservators reasonable facilities to inspect 
such petrol motor launch with a view to ascer- 
taining whether the aforesaid requirements are 
complied with. 

Action to be Taken, 

6. — Whilst waiting to enter or when in any 
lock on the Thames the master of any petrol 
motor launch and the person or persons on board 
tbe same shall comply with the following regu- 
lations 

Pue! to be Shut Oft, 

(a) Having entered a lock the cock on the 
fuel feed pipe shall immediately be 
closed and shall not be re-opened until 
the lock gates are opened for the egress 
of the vessel or vessels then in the lock. 


Engine to be Stopped. 

(h) In any lock the engine shall be stopped 
before the lock gates are closed and 
shall not be re-started until the gates 
are opened for the egress of the vessel 
or vessels then in the lock. Provided 
that sub-sections (a) and (b) of this Bye- 
law shall not apply to a petrol motor 
launch when no other vessel is passing 
through the lock at the same time as the 
petrol motor launch or when the only 
other vessel or vessels passing througjfj 
*■ the lock at the same time as the petrol 
motor launch is or are a vessel or ves- 
sels of the same type. 

Manipulation of Fuel. * 

(c) No fuel tank or petrol can shall be opened 

or manipulated on any petrol motor 
launch. 

(d) Any petrol carried in excess of that con- 

tained in the fuel tanks shall be carried 
only in two-gallon cans of a pattern 
approved by the Railway Clearing House 
for conveyance of petrol by the Rail- . 
way Companies. Such cans whether 
containing petrol or not shall be stowed 
in a closed locker which must not be 
used for any other purpose while any 
petrol can is therein. 

Matches, 

(s) No person shall strike a match whilst 
on any petrol motor launch. Provided 
that this regulation shall apply only 
when such petrol motor launch is in a 
lock. * 

Prevention of Pire, 

if) With a view to prevention of fire a pro- 
portionate quantity of sand equal to 
one-half a cubic foot for every complete 
12 feet in length of the hull of the 
petrol motor launch together with a 
shovel or scoop shall be carried in some 
readily accessible place. Provided that 
in the event of the Conservators approv- 
ing in writing under the hand of their 
Secretary a form of chemical fire extin- 
guisher such approved chemical fire ex^ 
tinguisher may be carried in place of 
sand aforesaid. 

Penalty, 

7.— Any person acting in contravention of any 
of these Bye-laws shall for every such act be 
liable to a penalty not exceeding £10 and in the 
case of a continuing offence to a further daily 
penalty not exceeding the like amount which 
said penalties shall be recoverable enforced and 
applied according to the provisions of the 
Thames Conservancy Act 1894. 
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-tmjpeCtfan mad Cer^Mcmte, 

NoTE,—THie Conservators will be prepared 
to inspect any petrol motor launch regis- 
tered under the Thames Conservancy 
Act 1894 and grant to the owner of 
such launch, if on such inspection it be 
found to satisfy the requirements as to 
construction, a certificate of compliance 
with reference to that part of these Bye- 
laws relating to construction. 

Such certificate of compliance will 
not however exempt the master of such 
petrol motor launch from liability to 
have his vessel further inspected from 
time to time in order that it may be as- 
certained whether the construction has 
been maintained in accordance with the 
* aforesaid requirements. 


Applications for inaperaiMi lof pediiot moitodr> 
launches should he addressed to the Secratwy; ‘ 
Thames Conservancy* Victoda Bmbankment,, 
London, E.C. 

These Bye-laws were confirmed 1^ tfte 
of Trade on August iith, 1906, and win be en- 
forced from January ist, 1907. 

Registration. 

Every vessel propelled by mechanical power 
and used on the river above Kew Bridge is, by the 
I'hames Conservancy Act 1894, required to be 
registered and the charge for a certificate ex- 
piring at the 31st December following the date 
of issue is 

Forms of application for certificates can be ob- 
tained at the Thames Conservancy Office, Vic- 
toria Embankment, London, E.C. 
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SUGGESTED RULES TO BE OBSERVED IN CARRYING 
OUT MARINE MOTOR INSTALLATIONS. 


TbMe ttotea have been drawn up wUt a view to asaieting proapective owaera ot 
crait in the aeleetlon ot a motor and the arrangement and fitting ot the whole Inatal- 
latlOtt In a veaael. The notea mast be accepted merely as a guide to really good 
practice, and Installations must not ot necessity be condemned because they do not In 
all respects come up to the Ideal here laid down. 


InMtaiUng the Motor, 

Engine Beds.-^ln boats fitted with single or 
double-cylinder four-stroke engines, or single- 
cylinder two-stroke engines, the ehgine bearers 
should be arranged to provide against considerable 
athwartships strains, and engines giving over lOn.p. 
should be provided with lore and afters carried as 
far aft as the floor of the boat will allow. For 
boats of over 20h.p., and with less than fin. plank- 
ing, and with three or four-cylinder engines, the 
fore and afters should form the main support, and 
should extend as far fore and aft as the lines of the 
boat will allow. They should be joggled over tim- 
bers and provided with waterways at each side ot 
timber. Further, hard wood knees or gussets 
should be fitted at every other timber for the length 
of the engine and reverse gear, and at every third 
timber fore and aft of this. .i, 

fitting should be fitted into the 

boat during construction if possible, joggled over 
clench planking, and accurately fitted to carvel 
boats and substantially secured. 

Holding-down Holding-down bolts should 

consist of studs with plate nuts iiiortisefl inj^o bearer, 
or so arranged that the stud can be withdrawn if it 
should become injured. Also the stud should be 
arranged to be entered after the engine has been 
placed ill position. Holding-down bolts should not 
& less than fin. in diameter in any case. In ves- 
sels with a skin or skins of If or more, the thwart- 
ship or fore and aft bearers can further be secured 
bv passing four metal bolts of the same diameter 
as those used in the engine right through bearer, 
timber, and skin. Such bolts to have mushroom 
heads, and substantial washers outside, and to be 
scre^ and nutted on the inside. Such bolts 
should not pass through the engine. 

Korn Plates . — Horn plates of engine should be on 
centre line of shaft, and high enough to allow the 
fore and after to be placed over the engine floors, 
which, in turn, should clear the crank-chamber by 

m inch or two inches. t. 1 4 

Thrust —Thrust and reverse gear should 

baye their bearers in line with the engine bearers 
and be fitted to the same fore and afters. 

i>rip Trays . — A copper or brass drip tray or trays 
i^hottld be fitted to all classes of installation in such 
a manner that all lubricating oil or paraffin will be 
collected and drained to a sump, from w^hence it 
can easily be removed, by hand in small installa- 


tion, and by a suitable permanent pump in cases 
of over 20m.p. This applies to all points when oil, 
grease, or fuel (paraffin) may be thrown or dropped. 
All flywheels or such-like parts should be provided 
with a guard that will catch all oil and deliver same 
to tray. 

Drip Tank.— In the case of petrol engines car- 
buretters should be so constructed that a tank can 
be placed close up to same, which tank should be 
provided with a fine gauze top and a drain cock. 
Further, the engine tray should be so arranged that 
should the petrol connection to the engine be acci- 
dentally severed, the petrol will flow into the tray. 
However, this does not apply to the drip or leak 
from the carburetter, which should not be allowed 
to take place into the engine tray direct, but the tray 
must be arranged to catch leak or overflow from 
drip tank. 

Fuel Storage, 

Small Installation . — In installations where not 
more than 10 gallons of fuel are carried a brass or 
copper tank can be* used, placed under the fore deck 
or other suitable position. The tank should not 
be less than 20b. w.g., and should be seamed, an- 
nealed, and soldered. All connections, including 
the filling pipes, should be carried on one end plate 
of not less than 16b w.g., and such connections 
should be back-nutted and soldered in position. A 
floor should be placed under the tank below the 
level of and away from all cocks or connections, 
order that the safne may not be damaged. Efficient 
ventilation should in all cases be provided for such 
locker or compartment. ! 

Large InstallaUon , — In installations carrying 
above 10 gallons of fuel, and in decked or covered 
craft not using pressure feed, the tanks may he of 
irregular shape, providing they will stand a pressure 
of 101b. per square inch without permanent distor- 
tion ; b¥t such tanks should be carried id a 
separate compartment, arranged in such a manner 
that it ‘is impossible for the fuel to drain into the 
bilge in case of a leak either from tank, connection, 
or filling plug. 

Filling Pipes . — ^All filling pipes or stopjpers 
should be taken to the outside. 

Top Connections. —All tanks which have ady part 
of them below the water-line, or less than 1ft* a&ve 
the adjacent floorboard, should have the connec- 
tions at the top. In this case, as in all others, the 
connection plate should either be of 16b.w.g., or be 
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for not less than 6in. from thas ooQ« 
CLectioii wi^ l^,w.g. plate, and all joints should be 
made with^mple flanges, back-nutted, and the 
whole solde^. 

File/ Pimp , — If petrol be used, and if it be 
pomp^ up from the store tank to the ru^Rmg tank, 
a semi-rota^ pump may be usfcd placea in an ac- 
tessl^^ position in full view. 

Straimrs.— All filling holes in tank should be 
fitted with a fine gauze tube that is closed at Uie 
bottom. 

PiJfers.'^All outlets should be provided with an 
eflicient filter in the shape of a gauze tube extending 
at least 2in. into the interior of the tank, or^other- 
wise a filter which may be easily cleaned should be 
fitted in the supply pipe. 

Fressurt Pressure feed tanks for petrol 

should be cylindrical and fitted with scmi-spherical 
ends, and may be either of brass, copper, or steel 
properly galvanised. All such tanks should be 
tested up to 301b. to the square inch, and all con- 
nections made at the top. 

Stare Tanks . — Large store tanks on decked craft 
can be placed in the wings, or where convenient, 
and the compartment should be bulkheaded and 
floored in such a manner that should a leak occur 
the fuel will not reach the bilges. In the case of 
petrol a double tank should be provided, the inner 
and outer tank separated by wood strips. The 
outer tank should be ventilated and provided with 
a sounding well in order that any accumulation of 
water can be pumped out and a leak of petrol 
brought to notice. Such tanks should be riveted 
and galvanised, or, if of copper or yellow metal, 
they should be riveted and soldered, and should, as 
regards strength, be in accordance with Lloyd’s 
regulations for water tanks. The petrol or oil con- 
nection to engine should be provided with a con- 
certina joint or turn-in pipe. 

Fuel Supply SyMtem. 

The first consideration of all pipe connections, 
pipes, cocks, etc., must be security from leakage. 

The whole system should be devised and installed 
in such a manner that the ordinary usage will not 
cause damage and leakage. 

The rule with regard to connections to tanks 
should be strictly followed, and the fittings em- 
ployed should be as follows : — 

Directly fitted into the tank should be a male end 
union cock, with back nut. The cock should be of 
the long barrel plug variety, such as is used for 
high-pressure steam. To this should be attached 
the concertina joint. A female end, with inserted 
nipple and back nut, should not be allowed. The 
union should be of the semi-spherical or cone 
grcmnd variety, and be fitted with substantial nuts 
to fit standard spanner. Screwed connections or 
brass gaspipe and fittings cannot be allowed, either 
on the engine itself or elsewhere. • 

Dimensions . fuel connections should be at 
least of the following dimensions: Pipe ^in, bore 
outside, |in. over socket, lin. over thread, 
12 threads per inch, and the nuts to be for |in. 
spanner. These fittings to be made of gunmetal, 
navy bronze, or other suitable substance. 

Wheel Valves . quality wheel or globe 
valves may be used as stop valves provided they 
meet with the above specifications, or are provided 
witfi a fiange plate, which plate should be bolted 
and soldered to the tank. 
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than iln. by |ifi., and sh ba waadd intt) 

sockets, pipes be accurately bent so a»la Iea4 
true from union without forcing, iumI after 
adjusted to position all pipes should be ia3tdn 
and annealed. 

Filters.— Any filters, water separators, or other- 
filling should be provided with similar comiectipas 
to above. A similar cock should be fltted 
carburetter or its equivalent by connecting ^ com 
to the pipe and permanently securing the other part 
of the cock union fitting to the carburetter. ” 

Testing . — If deemed necessary, all pipe lines andt 
fittings (exclusive of tank, carburett^:, etc.) shsU be 
subjected to a pressure of 1501b. All wheel valves, 
pump glands, etc., should be packed with worsted^ 
and yellow soap. 

Protection of Fi^^.—All fuel pipes should be- 
carried in sucn positions that they will be safe from 
mechanical injury, and yet as free as possible from 
corrosive action of the bilge. Also the feed pipe 
should be arranged so that air pockets are not 
likely to be formed. In large decked craft Jin. 
by fin. seamless copper tube served with spun yam 
may be used, drawn through lead pipes under the 
above circumstances. In decked craft all down 
pipes should consist of Jin. by fin. copper, served 
with spun yarn, and passed through iron gas barrel 
or copper tubes of suitable sizes. The ends of Such 
pipes should be caulked with spun yarn and payed 
with marine glue, and the envelope pipe tenninal 
should be received by a chock or socket. 

Tanks on Deck . — In the case of fuel tanks on deck 
a cock should be fitted to the tank, and at least 
one complete turn placed in pipe between deck and 
cock. The pipe should pass through a boss at least 
2in. high, secured to deck over a rubber washer or 
ring, which will make a flexible watertiglit joint. 
The top of such bo.ss should be sharply counter- 
sunk and payed with marine gltte. 

Quality of Pipe.— AM copper pipes should be 
solid drawn copper and thoroughly annealed before 
and after being shaped, except such pipes as pass 
through guard tubes which cannot be annealed after 
bending. 

Pipe Leads . — If it is necessary to carry a fuel 
pipe from one part of the vessel to anotiher, and if 
it has to be placed in such a position that it is not 
open to inspection, or if it contains a number of 
bends, lead pipes fin. bore by fin. outside diameter 
may be used. Standard connection should bo 
brazed into a length of copper pipe, and the lead 
pipe swelled to receive same at least 2in„ and 
blowpipe solder must be used and fluxed right in 
and on the top of joint. 

Fixing of Pipes.— All pipes should be secured by- 
wood or fibre cleats at such intervals as will pre- 
vent abrasion by vibration. No pipe should lia 
adjacent to any hard substance without being $e^ 
cured to same, ^ 

CIrculmtiag Water Syataoi* 

All water service pipes should consist of solid 
drawn copper of Iflb.w.g. minimum, with brona^ 
metal flanges, the thickness of which should not bo- 
less than one-third the diameter of pipe, and se- 
cured by not less than four bolts or studs, y^rikw 
metal only being used. Joints to be made wi^. 
rubber insertion. 

Ground Unions.— Ylhere the construction of 
engine will not allow of the above, gyound unineta. ' 
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mftdt dI gun metal and brazed on to pipe may be 
«ab«titated. It is necessary, however, that all con- 
"nections should be of the same standard through- 
out. Screwed connections or brass gaspipe and fit- 
tings cannot be allowed. 

Seacock . — Seacock and strainer should be of such 
a pattern that the sea strainer can be cleared while 
the boat is under way. This is to be accom- 
plished by hunting ^gate valve directly over the 
strainer, and immediately over this a tank divided 
by a gauze strainer and prcnnded with a manhole. 
The gauze should be vertical, so that the hand can 
be used to clear away any obstruction, or same be 
pushed through the strainer. In jobs of less than 
^h,p,, in place of above a two-way cock may be 
mounted over the sea strainer in such a manner 
that if turned in one direction a rod can be passea 
down to free strainer. A cap should be provided to 
screw on to the two-way cock. 

^Circulating Pump . — ^Ali circulating pumps should 
oe firmly attached to engine casting. Pumps fitted 
to engine bearers or fldors, and driven by chains or 
belts, ought not to be installed save in such excep- 
tional cases as may be justified by 'circumstances. 
The outlet to above must deliver above the water- 
line. In sea-going craft of over 20h.p., or craft to 
be licensed for passengers, a duplicate system of 
cooling should be provided, and for this purpose a 
suitable hand pump will suffice. 

Draining , — ^The water circulation system should 
be so arranged that the pump and pipes as well as 
the water jackets can be drained. 

PUge Pump . — A bilge pump worked from the en- 
gine that can be brought into operation when re- 
quired is desirable. Such pump should be of not 
less than the capacity of the circulating pump, but 
the bilge water must not be passed through the 
jacket. The size of water service pipe should be 
not less than that which has been piovided foi by 
the makers of the engines. The outlet or overflow 
should be carried out above the water-line. 

Fastenings — All fittings fastened to the ship side 
must be held by metal bolts. 

Class of Pipes , — All pipes should be solid drawn 
copper of not less than IGb.w.g., and flanges to be 
of copper or brazing metal, or unions of gunmetal, 
navy bronze, cr other suitable alloy. All bolts 
studs and nuts (except studs on engine) should be 
of yellow metal. Pipes should be annealed before 
and after bending. 

Exhaust, 

All exhaust pipes should be water cooled from 
the point of attachment to the engines to their 
outlet. 

Two^stroke , — In small two-stroke installations this 
ma.y be accomplished by turning part of the circu- 
lating water into the interior of the exhaust pipe. 

Pour*siro'ke , — In four-stroke jobs of more than one 
cylinder a cast iron or made-up copper receiver 
must l>e arranged to attach to the engine direct. 

Receioer . — The following remarks apply only to 
those cases where a silencer is fitted, and this may 
usually be dispensed with, as explained in the chapter 
Oft •' Silencers.’* 

Exhaust pipes should be of solid drawn copper 
not less than 16b. w.g., and the jacket formed of 
tube not less than 18b. w.g. The terminals of such 
pipes should consist of a flange or spigot, the thick- 
ness of spigot being not less than |m. up to 3in 


interital bore, and |iil. for over this up to 5|n. bcie, 
and j^in. beyond this. 

The exhaust pipe should be entered in the flange 
spigot, and the spigot should, in turn, be ente^ted 
into the jacket pipe. 

Conner.lion from jacket to jacket should consist 
of “ U ” tubes, connected by ground unions made 
on saddle pieces. 

Flanges, which should be of yellow metal, sifddle 
pieces, etc., must be brazed on to the pipe. 

Circulating Water , — The whole of the circulating 
water should be passed through the jacket or jac- 
kets, and the overflow should be higher than the 
inlet* to the system, and the area of connections 
should be equal to the engine water service. 

Internal By-pass , — At the terminal of this jacket 
part of the water should be turned into the exhaust 
pipe through a by-pass regulating valve and a check 
valve. The by-pass pipe should lead, when fn the 
exhaust, towards the exhaust outlet. 

Silencer . — A galvanised silencing drum to stand a 
pressure of 601 b per square inch can be arranged 
at the terminal of the exhaust, such drum to have a 
capacity of at least twenty times the capacity of one 
cylinder. The entry of the chamber must be close 
to the top of same, and the outlet at the bottom. 
In most cases, however, a silencer may be entirely 
dispensed with. A straight run of pipe can be 
taken aft (it is very important to avoid U bends), 
and all circulating water should be turned into this 
pipe, 18in. or 2ft. from the engine. With about 
15ft. or more of pipe an ample degree of silence 
may be obtained in this way. The outlet should 
be above the water line 

Expansion Bend . — It is preferable that this bend 
be un jacketed and constructed in such a manner 
that the same will act as an expansion joint. 

Drain . — A draincock that can easily be manipu- 
lated should be placed at the lowest point of the 
exhaust system. 

Exhaust Outlet , — The exhaust may terminate be- 
low the water in Idrge boats of comparatively low 
power, the terminal consisting of a hood under 
water facing aft, with a flange accurately bedded to 
the skin of the boat. 

A spigot formed with the outside flange should 
pass through the skin and loose flange and then 
bend forward, and this spigot should terminate in 
a flange screwed on, which will be bolted to the 
flange on the silencer. Such joints, however, must 
be accessible. 

All flange fittings, bolts, etc., should be made of 
gunmetal or an approved bronze. 

A blank flange with rubber insertion should be 
provided and secured in an accessible place in 
sight, and near to the silencer, so that the same 
may be fitted to the terminal in case of total break- 
down or rupture of silencer. 

Ba-gle Plates . — The silencer, if fitted, should be, 
as far as possible, free from baffle plates or tubes 
having small apertures. 

The exhaust pipe, silencer, etc., must be fitmly 
held and secured to the vessel in such a manner 
that abrasion will not be occasioned by vibration. 

Commercial* 

In commercial and other craft with cargo hold 
aft of engine room the exhaust should be taken Out 
at the side jnst below the deck. 

In auxiliary sailing vessels a branch should be 
carried out on both sides. 





^ 09 iB»i)af€ial mit liaving an Mdhaiut pip* oyez 
hi diam«teir may substitute iron steam pipe 
and ateam fittings for copper. 

SiKposed form of exposed flame or 

hot tube ignition should be allowed for petrol en« 
gines. ^ . 

Mlm Zaiwp.^Blow lamps for vaporiser and igni- 
tion tubes (except for starting up) should be 
avoided whenever possible, and in such cases as 
they are used provision should be made for ven- 
tilation and protection from fire. 

Pin ExiinguiBbers* 

All motor-propelled craft should carry fire extin- 
gifishers of such a pattern as will adequately deal 
with a fire caused by the ignition of half-gallon of 
petrol poured into the engine tray. 

tgaltloa System. 

Lorn Tension, — In sea-going boats low-tension 
ignition should be employed whenever possible. 

Batteries, — Where low-tension ignition of the bat- 
tery supply system is installed, all accumulators 
or batteries must be carried as high up as possible 
and stowed in a box lined with some acid proof 
composition. At least two sets of batteries must 
be carried, and in the case of vessels for use m 
tidal water some primary form of generation must 
be carried of a permanent type, such as a dynamo 
generator or primary batteries. 

Duplicates. — It is, however, preferable, in all 
sea-going installations, that a dynamo generator 
with permanent field magneto shall be arranged to 
be coupled in parallel at will with the requisite 
number of accumulators and the ignition system. 

Coils. — All impedence or self-induction coils 
ehould be enclosed and saturated with paraffin wax. 

Switches. — All switches should be of the water- 
tight marine 

Leads . — All electrical leads should have not less 
than seven conductors of at least 24b. w.g., insulated 
with vulcanised rubber to a minimum of 1,000 
megohmi per mile, and be fu/ther insulated with 
braid and compounded and enclosed in lead 
or fibre armour. 

All terminals of wire * should be 
finished with brass or copper clips and taped off. 

Reverse Gear. 

This should be carried on metal bearers or con- 
nections built on to or connected with engine, in 
•order that the alignment may always remain cor- 
rect. 

Thrust . — ^Thrust bearings should also be carried 
in this way. 

"Neutral. — The reversing gear must be capable of 
being left in the neutral position without a rise in 
temperature of any one part of more than 20 de- 
grees F. after an hour’s running. 

Clutches. — Clutches should be metal-to-metal, 
and the whole should be enclosed and fun in oil. 

Accessibility, — ^The reverse gear should be^ capable 
of being removed without shifting the engine or 
propeller shaft, and should be reasonably acces- 
sible for inspection. 

Deck ControU’^'Eot commercial vessels it is es- 
sential that the control of the propeller from ahead 
through neutral to astern, etc., should be carried 
out by one lever independent of the condition of 
rotation of the engine. That is to say, for instance, 
by a hand on deck who has not access to or sight 
Of the engine. 


'■ 

Pr«pai*r Shaft.-Uvj be • 

tail'Sbafi .aboula be of isetat. 1^4 itt 

both cases, flanges to be provided aoA 

turned parallel or taper bolts. 

In special cases, such as flat-fioQinKi boats, Steel 
flanges may be fitted to the shaft, id yrnicao*®® 
they should be fitted with feather axtd cotter,,, Sfid 
be shrunk on to the shaft. 

The minimuxp diameter of mild steel propol1t» 
shafts should be equal to 2.5 per cent, of the tot^ 
piston area. 

Stern Tube . — For less than a 8-inch shaft 
stern tube and fittings should be of metal, 
substantial flange containing gland on inside with 
at least two bolts passing through same, and a 
flange with spigot outside through which the stem 
tube will pass. The spigot of the loose flange 
would fit into the stem post, and would be hauled 
up by a substantial nut, which would in turn be 
locked by a set screw screwing into t^ flange and 
engaging in a recess provided for it in the nut. 

A guard should be provided attai^d to the 
plate and designed to envelop the propeller boss, 
in order that cordage, etc., shall not jamb between 
the stern post and propeller. This guard must be 
in halves. 

The stem tube should be lined with white metal 
and be bored to receive shaft, and a recess made 
at or near the centre with a pipe leading from 
same, such pipe being not less than |in. diameter, 
and brought up as far above the water-line as pips- 
sible. This would terminate in a covered box or 
filler, into which oil would be poured. * 

In iron vessels the loose flange outside can be 
dispensed with and the tube made to fit hole in 
stern post. 

When the shaft exceeds Sin. it can be of steel 
with a metal sleeve shrunk on, in which case the 
sleeve, as regards diameter, must be over and above 
the required diameter of shaft. 

In shafts over Sin. the stern tube may be of st^l ,, 
and lined with either white metal or lignum; in 
the latter case, the oiling device can be dispensed 
with, except that a grease cup must be provided at 
the gland. 

Shaft Bearings . — These may be of white metal 
or bronze. 

Stem Bearings for FlaUbottom Boats , — In this 
class of vessel, where the shaft passes out through 
the floor at an angle, a solid sleeve with diagonal 
plates inside and out must be used, the inside 
plate being cast in one with the tube, and the out- 
side and inside being bolted together, with the skin 
of the bolt, keelson, or hog and keel between. 

The sleeve must be lined with white metal or 
lignum, and provided with a stufiBng-box inside, 
and the gland must be provided with a grease 
lubricator. 

Whistle. 

All vessels of 10 tons and over should be pro* 
vided with a suitable whistle or siren. ** Hooiera^* 
should not be used in any vessel. 

Controls. 

All decked vessels, when the control of th* psch 
peller is carried out from the deck, should be pCOr, 
vided with duplicate control in the engine zoons, • 
and, further, , provided with telegiajifa, ^ 

voice tube. ' * 
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^ .' V. ^ ^INiiv 0^r« 

' , , !la iU Bea*going craft dr vessels intended lof 
' 'taring passengers on tidal waters, the folk>wlng 
: aQtMpre gear should be carried as a minimum :— 

One piston complete with connecting rod and all 
^ accessories. 

Two sets of piston rings. 

Set of crankshaft brasses. 

A set of valves complete. 

One set of valve-actuating gear. 

If camshaft wheels are outside crank-chamber 
and are exposed, a complete set of such wheels, 
as^well as a camshaft, should be carried, together 
With k^B or other fittings. 

Set of moving parts for circulating pump. 

If stand-by ignition is not fitted, a complete set 
of ignition gear ihust be carried, including all 
motions, magndt^ generator, etc. In any case, 


two sets of wearing pjsrts snch as' ^electto^ 
be carried. , 

Enouffh electrical wire to rewire -the installatioa 
should oe provided. ' 

A duplicate of every spring on engine and gear. 
A duptote of every connection. ' 

Wearing or breakable parts of the clutch and 
versing gear. 

A duplicate of every nut and bolt. 

A set of coupling bolts. '' 

A suitable coupling for patching a broken pnv 
peller shaft. 

If ball races are used, a duplicate should fie 
carried 

Starting, 

All engines that cannot be properly started by one 
man must be provided with some kind qf automatic 
starting gear. 



Suntingdon Bay. tbe sceae of the B.I. Trophy race of 1808 . " Wolseley.Siddeley,'' " Baiadert^ll..” and 
Dixie II.” can be semi at their moorings. >. 
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INTERNATIONA^. MOTOR YA^HT RACING 
ASSOCIATION. ■ 


t>urin|[ 1^8 an International Association for 
the fegulatiOT of regattas where international 
events take place was formed, and to-day it in- 
cludes representatives of practically all countries 
where marine motoring is taken seriously. One 
or two details relating to systems of national re- 
presentation on this Association and other points 
in reference to its composition are still unde- 
cided»as we go to press, and so nothing is^ to 
be gained by discussing questions of constitu- 
tion. It may, however, be said that the Asso- 
ciation represents the first serious attempt to 
place international racing on a satisfactory basis, 
and that this object has been very well attained. 
The work of the Association includes the forma- 
tion of racing and rating rules, under which all 
international events must take place, at the same 
time leaving home events and club races quite 
free from restrictions. For the current year and 
the following year a system of rating has been 
adopted, based on last year’s Monaco rules, 
and we give below all the essential points of 
these regulations, though it must be understood 
that the text is not official. 

International classes are divided into two 
main sections— Racers and Racing Cruisers. 

Of the former class there are two subdivisions, 
the first being restricted to boats not exceeding 
15 metres (50ft.) in length and fitted with a four- 
cylinder engine of I55nim. bore or the equiva- 
lent. 

The following table gives the corresponding 
bores for other numbers of cylinders : — 


Ne^ofOjrlinders. 

1 

2 

3 

4 
6 
8 


Bore in Millimetres. 

310 

219 

179 

155 

127 
no 


In the second racer class the only restriction is 
the length of the hull, which, as in the other 
class, irhust not exceed 15 metres; engines of any 
powei may be installed. 


Racing Cruisers. • 

The racing cruisers are classified, as they have 
alij^ays been at Monaco, according to length* and 
po^er, these classes being as follow 
^ class, fitted with a single- 

cyW^r!}^ngine of loomm. bore or the equiva- 
lent* not exceeding 6i metres in length and 
w^hi^ig complete not less than 650 kilograms. 

Qass ll. — Not caeeeding 6j^ metres in length 
and fitted ^ith four-Cylindcr engines of 8^- 
90011X1. bore or the equivalent. 


Class III. — 6i to 8 metres in length and fitted 
with four-cylinder engines of ioo-io6mm. bore , 
or the equivalent. 

Class IV.— -8 to 12 metres in length and fitted 
with four-cylinder engines of 120- 130mm. bore 
or the equivalent. 

Class V. — 12-18 metres in length and fitted 
with four-cylinder engines of i4o-i55mm. bore 
or the equivalent. 

HuUs. 

There is a restriction on beam, freeboard and 
seating accommodation in each class, these 
dimensions varying according to the length. If 
the length in metres be denoted by L, the great- 

L# 

est beam must be not less than 0.60 + — metres, 

8 

and the freeboard with the boat In racing trim 
must not be less than 0.20 + 0.03 L metres, 
coamings not counting as freeboard. The 
number of passengers carried, inclusive of 
helmsman and engineer, is always supposed to 
be one less than the length of the boat in metres, 
each fraction of a metre counting as a complete 
metre, and seating accommodation for this num- 
ber must be provided to the extent of 0.45 of a 
metre in every direction. 

N.B. — Beam and freeboard calculations with 
this formula must be made in metres. 

Power Rating. 

A complication arises in finding the equiva- 
lent bores of engines having different numbers 
of cylinders, for power under the new rule is 
calculated for the racing cruisers, not simply <m 
piston area, that is, according to the square of 
the bore, but according to the 2.4 power of the 
bore, the idea being to give a slight advantage 
to small cylinders. Under a simple piston area 
rule, they are rather handicapped against larger 
motors. 

To find the equivalent bore, let us say of a 
six-cylinder engine, to give the same pc^ef 
rating as a four-Kjylinder motor of a certain size, 
involves, therefore, a calculation necessitating 
the use of logarithms, but, to simplify this work 
for the reader, we have prepared a curve, which* 
we publish herewith, and which will enable any- 
one with a little practice to find the equivalent* 
bore for an engine of arty number of cylinders. 
T!^ upper horizontal jBcale represents bores in 
m^metres. Suppose it is desired to find the 
hofe of a six-erriinder engine equivalent to that 
of It four-cvlinan^ motor of io6mm. The figure 
10$ is looked up on the sede, and from thi« ; 
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and the vertical line' just referred to is drawn to 
cut rtiis line. A horizojntal line is drawn from 
the point of intersectjon'to the left till it cuts the 
si^-.cyUnder line. If frorn this laiHer point a 
vertical line be dropped on to the upper 
^ontal scale a reading will be obtained just 
undel* 90mm., so that we may say the equivalent 
,bpfe of ^ six-cylinder engine is 

Weigh ts. 

The question of weights must now be con- 
sidered, but in order to understand them pro- 
perly a short explanation will be necessary. A 
rating formula of the following form has been 
adopted : — ’ 

n 


Class IV.— MuTitse m LENO^m 
;.ooo 


K 




p »> weight ia nypfea 
. trim (Sftograsu). 
1,382 
1.424 

1.4^7 

1 * 5 ” 

1.556 

1,601 
1,648 
1,696 
1.744 
' 1.794 
1,844 

Class V.— 12-18 Metres in Length-. ' 


D >bor6"tx^ illizoetres, 
" 120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 


P =: 

P% 

Where R = the rating 

n = number of cylinders. 

D = cylinder bore in millimetres. 

P = weight in 1,000 kilogram units 
(French tons). 

Under this rule a certain rating is fixed for 
each of the racing cruiser classes. Arbitrary 
limits of engine bore are chosen and from these 
the weights can be calculated, these weights 
representing the figures at which the boat must 
race; thus, if a small engine be chosen, the rac- 
ing weight of the boat will be less than if a 
larger one be installed. ^ The following table 
gives the racing weights in the classes to which 
they apply, corresponding to four-cylinder en- 
gines of the bores stated. N.B. — The dinghy 
class is not included in this series. 

Class II.-— Not Exceeding 6^ Metres. 


4D2.4 

R = 360,000 = 

p% 

P *= wel ht in racing 

D ^ bore in Millimetrey. trim (kilograms). 


140 

1. 97 1 

I4I 

2,022 

142 

2,074 

143 

2,127 

144 

2,181 

145 

2,256 

146 

2,292 

147 

2.349 

148 

2.407 

149 

2,467 

ISO 

2,527 

151 

2,588 

152 

2,650 

153 

2.713 

IS 4 * 

2,778 

155 

2.843 


4D2< 

R =s 206,000 *= 

P% 

P «= weight in racing 


1 Ml bore in Millimetres. 

trim (kilograms). 

85 

755 

• 86 

788 

87 

821 

88 

856 

89 

. 891 

90 

930 

Class III.— 6J-8 Metres in Length. 


4 D 2 *« 

R =r 242 ,^ 3 ^ 

= 

P% 

m boxb in Millimetres. 

P as weight in racing 
teim (kilograms). 

100 

1,065 

iol 

1,104 

102 

1. 143 

103 

1,185 

104 

1, 221 

^05 

1,270 

106 

1,314 


In all these cases the weights include the 
weight of passengers, but do not include spare 
parts, petrol or lubricating oil. There is, of 
course, nothing to prevent a boat racing over 
her rated weight, but she must not start at a 
lower figure. To ensure a reasonable degree 
of strength of construction a minimum weight 
limit is also fixed for the hull and engine alone, 
exclusive of crew and of fuel, etc., which may 
be found from the curve given herewith in a 
way that will be explained later. PassCi^ers 
are reckoned at 70 kilograms each, and in. ^ace 
of actual people ballast may be carried in a race, 
though .the seating accommodation must still 
be provided. In order, however, to encourage 
the building of a robust type of boat, it is per- 
mitted to build the boat considerably heavier 
than the minimum limit and to knock this 
weight off the quantity of passenger ballastt 
carried. * 

Take, for example, an extreme case of an 
metre racing cruiser with a io6mm. engine, her 
racing weight is 1,314 kilograms and the mini- 
mum weight for hull and engine alone is about 
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' the difierence bdng^imade up 

wh aeveii^ssengers, but it is only ecwnpulsory 
%Jlgftry d i^msman and engineer weighing be> 
, tween thein'a40 kilograms. If we subtract this 
weight frorrl the racing weight, we get 1,174 
kilograxht as a temainder, and if tH^ lK>at and 
engine alone be built right up to this weight, no 
ballast at' dll need be carried. 

With this explanation, we will turn to the 
more tteady horizontal set of lines in the curve ; 
it will be iJc^ced they are eight in number, the 
four, full lines from bottom to top being the rat- 
f! mgs without passengers of the racing pruiser 
(Classes from II. to V., the dotted lines are rat- 
ings of the same classes, including passengers. 

will take again our eight-metre boat fitted 
with. io6mm. four-cylinder engine. Look up 
lodmm. and run a vertical up to the four-cylin- 
der line, as already described. To find the rac- 
ing weight of the boat, including passengers, a 
horizontal line is then drawn to the line marked 


R = 24i,ooo. If A vertical line 'he 
this point of intersection, it will giv^'pa' the 
lower horii:ontal scale the same racitiS'lKi^lght 
already stated, viz., 1,314 kilograms. 
pose the weight of the hull and boat 
out passengers, be required : a horbtojjm.^'e 
drawn to cut the oonlinuous rating lini$^ariicied 
R = 340,000. A vertical line droppedJ 1 |?^ this 
point gives a reading of just over 800 
which is, therefore, the minimum the 

boat. ITie use of these curves may bpj^r a 
little complicated at first, but the rea^ will 
soon become used to them, and once ma^ered 
they will be found far more handy than any 
table for working out equivalent engii^ bores, 
or for finding the corresponding weighifcs. 

The above is by no means a complete' list of 
the International Rules, but all the essential 
points are emlx^died, and if the rules given be 
adhered to, the reader will find that there Is 
nothing else of much imporiance to be learned. 


THE MARINE MOTOR ASSOCIATION. 


The Marine Motor Association was founded in 
the autumn of 1902 by a number of yachtsmen 
and others interested in marine motor matters, 
and in the following year an executive council 
was formed to frame racing rules, etc., and to 
carry on the work of the Association, which, 
broadly speaking, was designed to encourage 
the development of marine motors and to pro- 
mote the sport of marine motor racing. From 
that time onwards the Association consisted of 
a #president^ two vice-presidents, an hoti, 
treasurer, and a council of 20 members, elected 
but of the ordinary members who could join 
as individuals on payment of an entrsfrice fee of 
a guinea and an annual subscription of the same 
amount. Affiliated clubs also enjoyed represen- 
tation on the council. 

We write in the past tense because at the pre- 
sent moment the question of the reconstitution 
of the M.M.A, is under consideration. Its ob- 
ject will remain the same, but instead of being 
an association of individual members, it is sug- , 
gestbd, and it is almost certain that the sugges- 
fm Will be carried out, that it should consist of 


delegates of affiliated clubs, each dub being 
equally represented on the council, ir|"esj?ectlve 
of size. The suggestion is, we think, an admir- 
able one, and if carried out will provide- an ex- 
tremely powerful and representative national 
body for the control of the sport. Until- this 
question of reform has been settled, it will not, 
of course, be possible to say exactly the part that 
the Association will take in international affairs, 
but it is to be expected that British intefests in 
the International Motor Yacht Racing Associa- 
tion will be looked after by the M,M.A. 

As regards national events, the Assodi^tion 
has under consideration a power rating rspie de^- 
pending on exhaust valve area. The rule i$ in 
no sense a rival to tlie international rule,' fsoit is 
intended merely to facilitate the handicoiping^ 
of miscellaneous boats. ^ 

In view of the constitutional chang^^ 
seem to be imminent, there is no ne^ 
the list of officers for the last year. 
tary, however, Mr. R. G. L. MarklwiMijSf < 
143, Strand, W.€. ' . . 
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BRITISH CLUBS. 

Smb« prnrtteman ot mo$t of tho loading matino motoring. claba la this eoaatrg wMi bi* 
fonad boiow. For oaao of rofotoaco tbo llot la arraagod aigbabotically, 
without reforottco to aenlorlty. 


British Motor Boat Clttb. 


This club was founded in December, 1904, 
the ^ject being the encouragement dnd advance- 
ment of motor boating and the organisation of 
races aind cruises. To quote from its rule book, 
“ The club is essentially a members’ club. It 
is a society of encouragement, a social club, and 
a centre of information and advice on matters 
pertaining to boats and vessels propelled partly 
or solely by mechanical means.” 

Up to the time of the formation of this club 
there was no independently constituted body to 
promote races and such like events in this 
country, though there was, of course, the 
Marine Motor Association, whose function, how- 
ever, was purely legislative, and which did not 
propose to concern itself with the organisation 
of races. 

The club commenced work by organising 
motor-boat racing in 1905, in which year meet- 
ings were carried through at five places, chiefly 
in East Anglia and the Solent. In 1906 the 
number of meetings under the aegis of the club 
was increased to seven, which included the long- 
distance race from the Thames to Cowes for 
cruising motor vessels. 

Since that time steady progress has been made, 
and the yearly programme is now a very full 
one, the places visited including Oulton Broad, 
Lowestoft^ Gravesend, Burnham-on-Crouch, 
Cowes, Ryde, Southsea, etc. In future the in- 
ternationail classes will probably be provided for 
at the most important meetings, and, besides 
these and the ordinary races, a special club class 
for boats and hydroplanes will make its appear- 
ance next season. 

In 1907 a very notable amalgamation was 
cffe<?ted by the club with ,the Motor Club, by 
which B.M.B.C. members acquired the use of 
the extremely comfortable M.C. house in Coven - 
the subscription being raised to £s 5S. 
few* town, ihembers and £$ 3s. for country mem- 
bers; Branches of the club were formed some 
time backin Ireland and on the Clyde (the latter 
is now self-supporting), and in that way, ^ weli 
as by holding its own races in different parts of 


the country, the club has always pursued a policy 
of encouraging motor-boat racing as widely as- 
possible. As regards its constantly varying 
venues, the position of the B.M.B.C. is unique 
in this country, all other clubs, except so far &&• 
affiliated or otherwise allied institutions are con- 
cerned, being confined more or less to one 
locality. 

Official repairers and boat yards, where boats 
can be left and housed, stores supplied, and 
repairs done at reduced rates, have been ap- 
pointed by the club at various ports round the 
coast and on the rivers. 

Insurance of motor boats at reduced rates and 
with special clauses can be obtained by member«s« 

Members of the club have the privilege of fly- 
ing the Blue Ensign of his Majesty’s Fleet on 
applying for a sp^ial warrant, this permission 
being granted in June, 1905. 

The burgee of the club is blue with a red St. 
Andrew’s cross edged with white. 

The following is a list of officers and of the 
committee : — 

Admiral. — Admiral Sir William Kennedy, 
K.C.B. 

Vice-Admiral. — The Marquis of Ailsa. 

Commodore. — W. Miall ween, Esq. 

Vice-Commodore.— L. M. Waterhouse, Esq. 

Rear-Commodore. — F. May, Esq. 

Hon. Treasurer. — Oswald B. Colls, Esq. 

Secretary.— R. B. Robinson. 

Committee.— The offioers and |. F. Avila, 
Esq., F. C. Blake, Esq., Mawdsley Brooke, 
Esq., P. Bonthron, Esq., Col. W. J. Bosworth, 
J. Day, Esq., A. Harden, Esq., N. B. Kenealy, 
Esq., Q. Jarrott, Esq., L. Miles, JEsq., G. ie 
Holden Stone, Esq., K. O. Searle, Esq., L* 
Schlentheim, Esq., A. W. Robinson, Esq. 

Secretary. — R. B. Robinson, Esq., Prince’s 
Buildings, Coventry Street, W. 

Thames Quarters. — Nuttall’s, Kingston-on- 
Thames. 

IRISH BRANCH. 

Hon. Secretary.— W. Scott Haywardi Esq,* 
Silverstream, Co. Antrim* 






Clyde Motor Boat Club. 


Amofif the most recently formed parine 
motor clubs in the country is the Clyde Motor 
Boat Ciuh. It onl^ came into existence in the 
spring* of 1908, being formed in Glasgow dur- 
ing by a number of Clyde motor-boating 
tnSi. The special objects of the club are offi- 
cially stated to be as follows : — 

1. To encourage motor boating and motor- 
boat racing on the Clyde. 

2. To encourage week-end cruises. 

3, To give races for any classes of boats. 

4, To hold inter-club races. 

*5. To hold social meetings in the off season in 
order to keep the interests of the club alive. 

Only three weeks after the formation of the 
club a very successful regatta was held at Hun- 
ters’ Quay, the headquarters of the club, and 
subsequently races were held at several other 


places, there being six meetings in all, Afeo- ' 
gether, the club may be said to have had a very v 
successful opening season. 

The officers and committee for the year vere 
the following : — - , . 

Hon. Treasurer. — G. Egerton Pipe, Esq. 
Committee. — R. J. Dobbie, Esq., O. F* 
McLachan, Esq., J. A. McCallum, Esq., D. 
Primrose, Esq., Thos. F. Taylor, Esq. 

Hon. Secretary.—). R. Cameron, Esq., 5a, 
Lawrence Street, Dowan Hill, Glasgow. 

Last year the entrance fee and subscription 
were each 5s., but with a rapidly-increasing 
membership this will probably be raised in 19094 
Burgee.— The burgee of the club is white with 
a blue St. George’s Cross and a yellow''** C in 
the middle. 


Essex Motor Boat Club. 


, The Essex Motor Boat Club was founded on 
July 17th, 1907, the headquarters being the Nore 
Yacht Club, Southend. Since its formation the 
club has been well supported by the B.M.B.C., 
and, with the help of that body, has in the year- 
and-a-half of its existence organised two very 
successful open regattas, besides providing races 
for its members on most week-ends of the sea- 
son. In 1909 it is proposed particularly to en- 
courage cabin cruisers by providing several long- 
distance events for that class of vessel,* a project 
t^at should meet with success, as about a dozen 
boats of the type are already included in the 
club’s fleet. 

, The club is enabled to make use of Southend 
Fierhead for the purpose of starting its races, 
thereby affording unrivalled spectacular advan^ 
lages, while Hole Haven near by provides a ^ 
eonvenient mooring ground for the competing;, 


boats. A measured half-mile is being marked 
out alongside the pier, and in 1909 it is intended * 
to hold speed trials over this course, in addition 
to other events. 

Members of the E.M.B.C. enjoy prinlegesi of,.,,,' 
membership of the Nore Y.C. . ^ 'k 

The following is a list of officers 'and the iponi-' 
mittee for 1908. \ 

Admiral. — Admiral Sir William Kennedy^' 
K.C.B. 

Commander. — A. D. Goodacre, Esqk . 
Vice.-Commandeft— W. G. Tarbet, Esq. ' 

Race Officer.— W. E. Bocsey, Esq. ' 

Committee.—), Bring, Esq., G, 

H. J. Hayward, Esq., A. T, Kerr, 

Hon. Secretary and Treasuierw — 

Ups, Esq,, 3, Herbert Grove, 

The burgee of the club is red wHh # 
bladed propeller on a white ground. ^ ^ 



THE MOTOR BOAT MANWAl*. 


Motor Yacht Club 


The Motor Yacht Club was inaugurated in 
December, 1902, in the form of a branch of the 
Royal Automobile Club, and under the title of the 
Marihe Motor Committee. Its object was, and 
ht further to develop the interests of marine 
motoring in every direction possible. It in- 
terests itself in the progress of motor power as 
applied to sport, both in racing and cruising 
Vessels, to commercial work, and to its adoption 
and use by the Admiralty for service in the Navy. 

The first event of importance controlled by the 
Club Was the race for the Harmsworth Cup, 
held at Queenstown in June, 1903. 

The allowing year this race attracted five 
French and two American entries. 

It was in this year that the reliability trials for 
motor boats were commenced, and the first of 
the series was held in Southampton Water in 
July. Twenty-six entries were received, com- 
prising vessels of many and varied types. 

In May, 1905, the title of the Motor Yacht 
Club Was assumed, and a further step towards 
the deoentralisation from the parent club was 
taken by the election from the committee of club 
ofikef®. Sir Boverton Redwood was elected as 
vice^:ommodore, Commander Mansfield Gum- 
ming as rear-commodore, and Mr. Lionel de 
Rothschild as treasurer. Later on, the Duke of 
Sutherland was elected as commodore, and Mr. 
F. P. Armstrong as chairman of committees. 
In January, 1906, the Lords Commissioners 
of the Admiralty granted the warrant for wear- 
ing the Blue Ensign. 

A team tcrepresent the club in the race for 
the cup won by France the year before, and 
now known as the “ British International 
Trophy,” having been selected by eliminating 
races off Bembridge and Hythe, three boats were 
taken over to Arcachon in September, and the 
cup was brought back by Lord Montagu and 
Mr. Lionel de Rothschild. 

Among the more important of the club events 
for the year should be mentioned the Calais- 
Dover race and the regatta held’ on the occasion 
of the visit of the French fleet. 

In September of 1905, the ex-Admiralty yacht 
** Enchantress ” was purchased for the club, and 
work was commenced on her to increase her 
accommodation and fit her for the duty of its 
flagship. She was opened as a clubhouse in 
May, 1906, a large number of the Press and 
man^ well-known figures in the motor world 
coming down to Southampton to give her a good 
send-ofi. The ship has proved an unqualtfied 
success for the purpose for which she has been 
fitted up, and it is hoped that she has a long 
and useful career in front of her. She is by no 
means an dd vessel, and sho was built In the 
most substantial manner and of the very best 


materials obtainable, there is no doubt she will 
last indefinitely, so far as wear and tear nffc 
concerned. The ship has accommodation for a 
large number of members to sleep on board, 
be^des dining, smoking, and drawing-rooms, 
and a concert room large enough to seat 500 
peopldl She has all the appointments of an up- 
to-date floating clubhouse. , 

At the end of 1908 Mr. J. W. Fernie was 
obliged to resign his position as secretary owing 
to ill-health, and, at the moment of writing,^ the 
post has yet to be filled. In the same year a 
prominent part was taken by the club in the for- 
mation of the international authority, to which 
reference is made elsewhere, and in that connec- 
tion the eight-metre racing cruiser class was 
taken up, representing the first attempt to en- 
courage motor-boat restricted class racing in this 
country. The experiment met, and is meeting, 
with very great success, and, in addition to the 
international classes and races for boats of other 
types, the 1909 season will witness some exciting 
sport in the club hydroplane class. 

After being brought back from Arcachon, the 
B.I. Trophy was carried off to America in 1907 
by “ Dixie.” In 1908 the club sent two chal- 
lengers, ” Wolseley-Siddeley ” and Daimler 
IL,” across the Atlantic, but the defending boat, 

” Dixie IL,” prevented the trophy coming back 
to this country, for another year at any rate. 

Hie entrance fee and subscription arc each 
three guineas, butt it is possible that the former 
may be raised ere long, as the new R.A.C. pre- 
mises will probably include club rooms for the 
M.Y.C., wnereby a footing will be obtained in 
London, in addition to the headquarters at Net- 
ley. During the winter the “Enchantress” 
was moved from her moorings up the Hamble 
River, where she will remain until the com- 
mencement of next season. Her presence there 
is doing much to encourage some measure of 
activity during what is usually called the slack” 
season. 

The flag officers and committee for 1908 were 
the following : — 

Commodore. — The Duke of Sutherland, I^ C. ^ 

Vice-Commodore. — Lord Montagu of Beau- 
lieu. , 

Rear-Commodore. — Comdr. Mansfield Gum- 
ming, R.N. / 

Chairman of Committees. — F, P. Armstrong, 
Esq. 

Hon. Treasurer. — Lionel de Rothschild, Esq. 

Committee. — F. P. Armstrong, Esq., F. R. S. 
Bircham, Esq., F. H. Butler, Esq., E. J. Cald- 
beck. Esq., Lome C. Curfie, Esq., Capt. R. T. 
Dixon, K.E., Comdr. Sir H. D. Freer-Smith, 
R.N., H. Western Hutchinson, Esq., G. 
Knowles, Esq., A. G. New, Esq., G. Foster. 





|^ctle¥, £^., Bernard Redwood^ Esq., J. A. 

. Esq,, G. Sharp, Esq., J. D. Siddelet, 

Esq.^ L. R, L. Sauire, Esq., 1 ;. Thornycroft, 
E^jq., Hoti, A. Vernw Cave, Major S, F. 
Warren, T. D. Wynn Weston, Esq. * . . 

50cr^ry, — j. w. Femie, Esq., Enchant- 
ress,^* Netfey Abbey, Bursledon, Southampton. 

The dub burgee has one white and two blue 
hori^tal stripes with a red tliree 4 >laded fNX>- 
peller In the centre. 


The Irish branch of t|ic 
Oerters at the Automobile Qub^ Daween 
Dublin. 

Hon. Treasurer .—W, Barrett, Esq> 

Committee. — H. Heap, Esq,, D, Turner, I 
Col. Peyton, Dr. Peyton, and Scott Hd 
Esq. 

The burgee is the same as that of the 
dub, with the addition of a shaimodc. 



Sussex Motor Yacht Qub. 


The Sussex Motor Yacht Club, founded on 
April 4th, 1907, under the name of the Sussex 
Motor Boat Club, is the largest after the M.Y.C. 
and B.M.B.C. in the British Isles. The head- 
quarters of the dub are at Brighton, where, in 
e^iph year of its existence, a first-class three-day 
regatta has been held, besides Saturday events 
for members. 

Up to almost the end of 1908 the headquarters 
were at the Grand Hotel, Brighton, but club 
rooms have now been obtained at Middle Street, 
King’s Road, while a special feature is the 
admittanoe of ladies as members at a subscrip- 
tion of IS., giving the right to take part m 
club races, etc., and the use of the dub premises 
on such days and at such times as the committee 
may decide. 

The club is affiliated to the M.Y.C., the mem- 
bers of the two clubs being privileged to enter 
for races given by either, without extra entrance 
fee, and it was in connection with this arrange- 
ment that the change of name above referred 
to was made during 1908. In that year also a 
race took place from the “ Enchantress ” to 


Brighton, there being a return race after the 
S. M.Y.C. Regatta, in addition, it may ife 
that members of the Sussex Club are enabled tx> 
make use of the ** Enchantress ” for certain 
periods. 

The following were the officers and commit* 
tee for 1908 : — 

Commodore. — Right Hon. Viscount Curzon, 
R.N.V. 

Vice-Commodore. — Sir Theodore Angt^, 

R.N.V. 

Rear - Commodore. — Lieut. O. Sumner, 

R.N.R. 

Committee. — P. Barca, Esq., Aid. Bruce MofU 
son, J.P., Baron Von Bisdng, C, M. Brown, 
Esq., W. G. A. Edwards, Esq,, Hw J. Preston, 
Esq., Dr. B. Mends, R.N., Captain F. V. 
Pryor, J. S. Smith, Esq., W. Pearce, Esq., W. 
Patten, Esq., G. Hill, Esq., T. Reeves, Esq, 

Secretary. — H. J. Mann, 

Burgee. — The club burgee is blue with six 
martlets and a three-bladed propeller on a ivhtte 
shield. 

The annual subscription is £2 2S. j 


Thames Valley Launch Club. 


Thm club was formed in 1907 for the purposes 
of protecting the interests of and promoting 
social intercourse among launch owners on the 
Thames. In its early days the hegidquarters 
were at Teddington, but in 1908 a move was 
made up river to Hampton Court, where the 
houseboat “ La Boh^me ” was purchased and 
stationed. 

Obviously, races on the Upper Thames are out 
of the question, but the club exists rather for 
the social side of the pastime, and the advan- 
tages of a houseboat as h^dquaiters may he 
readily appreciated, comprising, as “La Bo- 
h^e “ does, a good-sized saloon and extensive 
^ping accommodation. Week.^eiid cruises and 


meetings, besides dinners and concerts, are Ih^ 
eluded in the club’s programme. 

The officers and committee are made up of the 
following : — 

Commodore,— Col. Sir Albert Kaye RoHit. 
Rear-Commodore. — R. Bamford Smith, £aq« 
Committee. — J. R. Boger, Esq., G. R Bhr-. 
gess, Esq., H. Hopkins, Esq., Gv Filmef)" 

J. A. Kingston, Esq., O, H. Oertel, 

Hon. Secretary. — F, G. Rogers, Eaq*# 
Oxford Street, linden. , \ 

Burgee,— The club burgee Is red with « 
ing wheel and the initials T.V.L.C. -ifi, 

The annual suhacriptkHi h £2 ^ I 
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TABLES AND FORMULAE. 


Qeneni Tide Tables* 

Showing the time to bo added to, or subtracted from, the times of High Water at London Bridge, 
to find me times of High Water at the respective places; also the times of High Water on the Full 
and Change of the moon (or establishments of the ports), with the rise of water at Spring or Neap 

Tides in 


BNOXiAKD AND WADES. 


ENGLAND AND WALE8-(floiiMntt«(l.) • 




Ada S 84 
Add 8 88 
Add 8 57 
Add 8 48 
Add 4 40 
Add 888 
Add 0 10 
Add 6 44 
Add 086 
Add 888 
Add 0 38 
Add 886 
Add 0 81 
Add 4 10 
Add 5 a 
Add 4 8 
Add 8 18 

Add 980 
Add 020 
Add 0 88 
Add 5 2 

Sttbfc. 8 10 
Add 7 86 
Add 8 47 
Add 7 8 
finbAO 56 
Add 3 86 
Add 6 8 
Add 4 10 
Add 916 
Add 0 16 

Add 0 16 

Add 0 46 
Add 8 48 
Add 8 18 
Add 434 

Add 8 88 

tiSSiS 

Add 0 46 

Add 0 88 

Add 8 88 
Add 0 48 

16ialbft.0 00 

Add 8 47 
antaAO 47 
SnbAO 14 
Add 8 80 

add 0 48 

Add 181 

»M, I tn 
Add 8 80 
Add 0 a 
Add 3 46 

Add 0 


Plaoet. 


Aberystwyth 

Anxes*. St., Light, SoiUy 

Air Pomt, BWer Dee — 

Aldboiongh Bay 

Aldmey 

Ann's St:, Light, Milford ......... 

Ayr Point, IsXo of Man... ... 

Binsnonth 

Bsrrow 

Bamsta:^eBar 

Beaohyfiead 

Beamnaris..........^ 

Berwick Bar, Mt. lesB than Shields 

Bidelord...... 

Boston Deep (Sluice) 

Bndport 

Bristol, Cumberland Dock En- 

iamnoe 

Calf of Man 

Calf Sound. 

Oalshot (Castle Point) 

Cardiff (High Water spring tides 

43ft,) 

Cowes 

Osmarron Bar 

Ofitouarthen Bar, Wales 

Ohristchuxoh, Hants 

Chatham 

Ctomwall (Cape) 

Cromer 

Dartmouth 

Deal 

Douglas, Isle of Man 

Dover 

Downs 

Dnngeness 

Eddystone 

Exmonth Bar, lift, less than 

Shields 

Palifiouth 

PfleyBay 

Flarobro* Head 

Fleetwood 

FoUcestone 

Foreland, North 

Forelan^ South 

Formby Point 

Galloper 

Goodwin, back of... . ^ 

Qoole, Humber 

Graresend 

Greenwich 

Oximsl^ 

Gunffeet Sand, N.E. end 

Hartlepool Bar 

Barwioh, within 


Holy Island Harbour .. 


H. M. 

7 81 
4 80 

10 64 

10 46 

6 46 
6 66 

11 7 

7 41 
11 82 

6 80 
n 20 
10 82 

3 18 

6 7 

7 0 
6 6 

7 18 
11 17 
11 17 
11 80 

6 69 

10 46 
9 83 

6 44 

9 0 
1 2 

4 86 

7 0 
6 16 

11 16 
11 12 
11 12 

2 46 

10 46 
6 16 

6 21 
4 67 
4 SO 
4 80 

11 11 
11 7 
11 46 
11 30 
10 86 
11 46 

1 37 

7 26 
1 10 
1 48 
6 86 

11 40 

8 28 
0 6 

10 68 
11 0 
4 48 
390 


Bise. 


London 

Bridge. 


18 

16 

14 

16 

12 

H 


18 

18 

n 


H. M. 

Add 8 14 
Add 4 82 
Subt. 1 23 
Add 9 96 
Add 8 8 
Subt. 0 4 
0 0 
Add 2 88 
Add 8 0 
Add 8 18 
Add 4 24 
Add 4 8 
Add 6 88 
Subt. 1 62 
Add 9 48 
Add 9 6 
Add 8 69 
Add 9 8 
Subt. 1 51 
Add 7 49 
Add 2 26 
Add 9 54 
Add 6 19 
Subt. 1 27 
Add 918 


19 

124 

12 

204 

1^ 

7 

10 

19 


Add 

Add 


9 8 
9 8 


17, 


Add 9 11 
Add 4 15 
Add 2 88 
Add 8 40 

Add 7 18 
Add 6 4 

Add 0 44 

Add 9 16 
Add 9 47 
Add 8 64 
Add 9 28 
Add 2 14 
Add 2 88 
Add 4 88 
Add 1 27 
Subt. 1 20 
Add 0 87 
Add 4 8 
Add 8 as 
Add 10 48 
Add 7 88 
Add 8 44 
Add 7 8 
Add 1 26 
Add 0 88 
Add 4 4 
Add 10 8 
Add 9 26 
Add 1 48 
Add 4 8 


Places. 


H^head Bay . 


IpBWioh, 94^ less than fields... 

Liverpool Dock 

Lizard Point 

London Books 

Xiondon Bridge 


Lowestoft Boad 

Lundy Island 

Lyme Begis 

Lynn Deeps, Long Band ... . 

Madoo Port 

Maplin Light . 

Margate Boads 

Maryport 

Milford Haven 

Nab Light 

Naze, Essex 

Needles Point, Isle of Wight 

Newcastle Quay 

Kewhaveif. 

Newport 

Nore Light 

Orfordness, off- 

Owcrs 

Peel Harbour (Pier) 

Peel 

Pembroke Dockyard 

Penzance 

Plymouth Breakwater .. .. 

Pool Bar, first flood | 

Portland Breakwater 

,, Baoe 

Portsmouth Dockyard 

,, Offing, Bplthead .... 

Bamsey 

Bamsgate Harbour 

Bibble Lighthouse 

Byde 

Soarbro* Pier 

Bcilly Island, Bt. Agnes 

Boilly Island, St. A^es offing 

Seaham Harbour 

Bheemess 

Shoreham 

Bmalls Lighthouse 

j- Southampton | 

Spithead 

Start Point 

but off it 

Sunderland 

„ North 

Swansea, Mumbles Light 

Swin, through it 

Tarn Point 

Tees Bar,8f t. Sin.lefiB than Shields 

Teignmouth 




10 
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amuim ass waii1»-(m*mii<(«<.) 


Jasaifili 

Bridge. 



Plftoes. 


Tenby 

Torbey 

^^einottth B«r 

wells Bar 

WeUs 

Weymouth Bar . .. 

Whitby Bur 

Whitehaven 

Wisbeaoh 

Wivenhoe 

Woolwich 

Workington 

Yarmouth Boads 

Outside 

!> Yarmouth, Isle of Wight 


H. M. 

d4g 

6 0 

5 20 

6 20 
7 0 
7 0 
3 46 

11 14 
7 80 

12 10 
1 87 

11 4 
9 15 

10 80 
10 0 

12 0 


Bise. 



hi 

FT, 

FT. 

517 

90 


10 

III 

18 


7 

5 

Id 

m 

m 

18| 

16 


16 

lOi 

184 

15} 

20 

15 

6 

44 


64 


COAST OF SCOTLAND, OBKNEYS, Etc, 


London 

Image. 

Places. 

Full and 
Change. 

Rise. 

!■ 

CO 

hi 

H. M. 


H. M. 

FT. 

FT. 

Subt 0 67 

Aberdeen 

1 0 

12 

10 

Add 1 21 

Alloa, Firth of Forth 

3 18 

174 

16 

Subt.0 22 

Arbroath 

1 86 

14 

11 

Add 9 48 

Aidrosaan 

11 45 

10 

8 

Add 0 27 

Burntisland, Firth of Forth 

2 24 

164 

123 

Add 8 8 

Caithness Point 

10 0 

9 

4 

Add 8 88 

Cantire, Mull of 

10 35 

4 


Add 9 69 

Cromarty 

11 66 

14 

11 

Sttbt. 1 87 

Dumbarton 

0 20 

9 


Add 0 86 

Dundee Pier 

2 82 

144 

114 

Subt. 1 17 

Fraserburgh 

0 40 

11 

8 

Add 9 18 

Galloway, Mull of 

11 16 

16 

18 

Sttbt 0 89 

Glasgow 

I 25 

9 

74 

Add 0 60 

Grangemouth | 

2 47 



Add 028 

Granton Pier 

2 20 

16 

124 

Subt. 1 49 

Greeuook 

0 8 

9i 

«4 

Add 10 81 

Inverness Firth, Kessook 

12 18 

12 


Add e 12 

Kirkwall Road 

10 9 

10 


Add 9 62 

Lamlasli 

11 49 

10 

7 

Add 0 20 

Leith 

2 17 

3 


Add 8 24 

Oban 

6 22 

12 

9 } 

Add 8 88 

Pentland Firth 

10 80 

9 

6 

Add 7 60 

„ Stroma, B. Side . .. . 

9 47 

74 

6 

Add 8 27 

„ Swona, E. Side . .. 

10 24 

10 


Add 7 88 

„ Swona, W. Bide .. . 

9 85 

10 

7 

Add 9 7 

„ Great Skerry, East Side 

11 4 

n 

64 

Add 8 56 

Great Skerry, West Side 

10 68 



Sttbt. 1 89 

Port Glasgow 

0 18 

9 


Add 7 33 

Scalloway, Shetland 

9 80 

iSi 

44 

Add 4 49 

Stornoway 

6 46 

184 

9.} 

Add 7 8 

Stromness 

9 0 

10 

74 

Add 7 48 

Sumhurg Head, Shetland 

9 45 



Add 0 9 

Tay Bar 

2 6 

16 

14 

Add 9 26 

Tam Point, Solway 

11 22 

23 

18 

Add# 9 26 1 

Wick 

11 22 

10 

74 

Add 6 88' 

Wrath, Cape 

7 30 

164 



COAST OP IRELAND. 


London 

Bridge. 


Add 6 48 
Add 0 21 
^Add IdO 

"28 
8 1 
216 


Places. 

li. 

ll 

Arklow 

Beliyshannon Bar 

Bantry Harbour 

H4,M. 

846 

5 18 

8 47 





Carlingford Bar 


Clear, 


Cork, Penrose Quay .............. 

Doneghadee 

458 
U 13 


Bise. 




COAST OF 


London 

Bridge. 


H. U. 

Add 8 21 
Add 9 a 
Add 9 16 
Add 8 69 
Add 2 88 
Add 9 12 
Add 9 18 
Add 2 46 
Add 6 4 
Add 8 56 
Add 8 4 
Add 8 45 
Add 8 48 
Add 2 19 
Add 2 46 
Add 8 88 
Add 4 4 
Add 4 19 
Add 9 3 
Add 3 21 
Add 1 45 
Add 8 23 


Add 

Add 


8 0 


Add 5 24 
Add 8 32 
Add 8 17 


Places. 


Donegal Harbour 

Drogheda Bar 

Dublm Bar - 

Dundalk 

Galway 

Howth Harbour 

Kingstown 

Kinsale 

Londonderry 

Lough Strangford 

Queenstown 

BathmuUen, Lgh. Swilly 

Saltees 

Shannon River, Kllbaha 

„ Kilrnsh 

„ Foynes Is. .. 

„ Mellon ... . 

„ Limerick 

Sherries Island 

Sligo Bay 

Valentia Harbour 

Waterford, Duncannon Fort 

Watferford Bridge 

Westport 

Wexford 

Wicklow 

Yonghall 



COAST OP FRANCE. 


London 

Places. 1 

If 

RiM* 

Bridge. 

Is 

1 


U.M. 

Add 4 49 
Add 6 64 
Add 4 53 

Alderney Island, West Point ... 

Barfleur 

Bordeaux 

K. M. 

6 46 
8 61 

6 50 

FT, 

17 

17 

14 

FT, 

Add 9 28 

Boulogne , 

11 26 

26 

19* 

Add 1 60 

Brest 

8 47 

m 

194 

17 

14 

Add 9 62 

Calais 

11 49 


Add 6 62 

Cherbourg 

7 49 


Add 9 9 


11 6 

27 

ojiS 

Add 10 11 


12 8 

16$ 


Add 9 80 
Add 4 40 

Grisnez, Cape 

Guernsey, St. Peter Port 

11 27 

6 87 

26 

j|3 

Add 7 64 
Add 6 46 
Add 7 82 
Add 4 18 
Add 4 89 
Add 4 8 
Add 1 18 
Add 1 86 
Add 9 49 

Havre de Grace 

Hougue, Capo La 

Honndur 

9 61 
' 8 42 
929 

6 15 

6 86 

6 6 

8 10 

8 82 
11 46 

22 

26 

M 

Jersey, Rosel 

Jersey, St. Holier 

MalOj St 

Nazaire, St 

Usbant 

Vallory, pt. River Somme 

80 

814 

86 


HOLLAND, BELGIUM, GERMANY, Etc. 


London 

Bridge. 


H M. 

Add 8 22 
Add 2 28 
Add 1 8 
Add 0 88 
Sttbt. 1 67 
, Subt. 0 87 
Add 9 86 
Add 10 21 
Subt. 1 82 
Add 1 48 
^Add 8 69 
Add 4 88 
MA 548 
. ^dd 9 83 


Places, 


Altona, River Elbe..... 

Antwerp 

BremmifLightvossel 

Briell^ Bar onFlat 

Elbe, Entraaoe 

Flushing.... 

Heligoland. «... 

Nieuport 

Ostende 

Rotterdam 

8ka?v 

Tezeli Otttude shoals 

„ Road 

Weaer, pnter LightvesseL 






H. U. 

5 19 

FSV 

7 ; 

425 

15 

8 0 


830 
18 0 

;u 

1 20 
1138 


18 13 

13:.^ 

385 


til 

f-.. 

330 

4 

745 


JbJOj 
















iilbabr 


VmH BMmem* 

‘ , , 'l^xvm the followi^ tables the speed of a boat can be at once read off aitc^nst the time taken to^rin^ 

ov&r a measur^ disSmbe/ The tables are equally applicable to statute ibiles.'" hautical . miles, or 
kilometres ; thus if the measured distance be 1 kilometre, the speed 'wilb^'given in kilometres per htmr, 
if the distance be a nautical mile, the speed v;ill be in knots, &c. If the distance be only half a mile, 
then the corresponding speed figure in the table must' be halved to find the correct speed of ^e 
l^t per hour. The third figure of decimals must not be accepted as entirely accurate. 

Tkbls L 

Speeds from SO to 10. crimes in fifths of a second. * 

















, nii? 

<Srp««r Hmn Tim* ovnr VM 

Vftblt It. • 

Speeds from tfi to If. Times Ui^eoo&ds* , . 


1 

iBQin. 

.6nfi{n. 

i 

4min. 

Smin. 

i 


Onain. 

1 

4mln. 

(tain. 

f 

I 

'/’diiiilr. 

1' . jRMhu 

0 


12*000 

29 


11*688 

84 

18*686 

11*111 

86 

18*048 

IHI 

48 

iFseo 

’ 

1 

14*988 

ll'flOO 

18 

•229 


26 

•686 


87 

12*996 

*682 

49 

•467 


f 

•876 

•921 

14 

•178 

•465 

26 

•684 

•048 

88 

•950 

•661 

60 

•414 

w 

s 

•816 

•881 

16 

•118 

•429 

27 

•488 

*009 

89 

•908 

*619 

61 

•871 


4 

*764 

•842 

16 

•062 

•892 

28 

•488 

10*976 

40 

•857 

•688 

III 

1 *889 

S 

s 

,*aM 

•808 

17 

•008 

•866 

mm 

‘888 

•942 

41 

•811 

•667 

HI 

*287 

W 

s 

•684 

•766 

18 

18-953 

•821 


•888 

*909 

42 

•786 

•626 

64 

•945 

•169 

7 

•070 

*726 

19 


•286 

HI 

. *284 

•876 

48 

•721 

•496 

66 


*141 


•616 

•688 

20 

•846 

•260 

82 

•286 

*848 

44 

‘676 

•486 

66 


•US 

9 

*468 

•650 

21 

•798 

•216 

88 

•187 

•811 

46 

•682 

•436 

67 


H»4 

10 

•400 

•618 

22 

•740 

‘180 

84 

189 

•778 

46 

‘687 

•m 

68 

HiUI 

*086 

11 

•848 

•676 

28 

•688 

*146 

86 

•091 

•746 

47 

‘544 

•875 

60 

■1 

*088 


Table m. 

Speeds from 10 to 6. Times in two seconds. 


Secs. 

Omin* 

7inin. 

8tnin. 

Omin. 

Secs. 

6min. 

7iDin. 

8inin. 

Omin. 

Secs. 

6mm. 

7inin. 

8min. 

Omin. 

0 

10*000 

8*671 

7‘600 

8-667 

20 

9-474 

6*182 

7*200 

6*429 

40 

9H)00 

7‘896 

6‘938 

6-9(17 

9 

« 9*945 

•681 

•4C9 

•642 

22 

•424 

•146 

•171 

'406 

42 

8-956 

•792 

•897 

-186 

4 

•890 

•491 

•488 

•618 

24 

•876 

•108 

•143 

•883 

44 

•911 

•769 

*870 

•164 

6 

‘886 

•461 

•407 

•598 

26 

•826 

•072 

•116 

‘860 

46 

•867 

•796 

*844 

•148 

6 

•788 

•411 

•877 

•669 

28 

•278 

•086 

•087 

•888 

48 

•824 

1 ‘693 

•818 

•IS2 

10 

•780 

•872 

•847 

•646 

80 

•281 

•000 

•059 

•816 

60 

•780 

•660 

•799 

*108 

12 

•677 

•888 

•817 

•522 

82 

•184 

7-966 

•081 

*294 

63 

•788 

•627 

1 *767 

*061v 

14 

•636 

•295 

•287 

•498 

84 

•187 

•980 

•004 

•272 

64 

‘696 

•094 

•749 

*06t 

16 

•674 

•267 

•268 

•476 

86 

•091 

•895 

6*977 

•260 

66 

*654 

•668 

•716 

•040 

18 

•624 

•210 

. 

•229 

•462 

88 

•046 

•860 

•960 

‘•228 

68 

•619 

•681 

•691 

•020 



»! 


laondon to Hall 

,, Middlesbro* 
Shields 
lieith 
]>nndee 
Aberdeen 
SheernesB 
Dorer 
Soath’ton 
Flymoatb 
Oardifl 
liivexpool 
Olasgow ) 
by Land’s End I 
„ Pentlsnd Firth 
t, Caledonian 01. 


815 
418 
420 
488 

48 

87 

210 

816 
817 
600 
766 
049 
816 


Coastal Distances {approximate). 


Glasgow to Ardrossan 

48 

Liverpool to Holyhead 

68 

„ Oempbelton 

74 

n 

Douglas 

70 

„ Stranraer 

87 


Dublin 

124 

„ Belfast 

116 


Cork 

254 

„ Londonderry 

140 

tf 

Dundalk 

186 

„ Sligo 

268 


BeUaat 

146 

Limeriok 

480 


Londonderry 

217 

„ <• Dublin 

197 


Barrow 

46 

„ Cork 

847 


Whitehaven 

73& 

„ Liverpool 

222 


Stranraer 

146 

„ Cardiff, 

890 j 


Ardrossan 

166 

„ Falmouth 

440 


Cardiff 

266 

„ Southampton 

682 


Bristol 

280 

,, Leith 1 

L AQA 


Falmoath 

816 

by Pentland Firth ] 

h DoU 


Plymou^ii 

846 

„ Caledonian Cl. 

469 


South’ton 

460 


Ijeith to AUoa 
„ Dondee 
,t Aberdeen 
M Inverness 
.. Wick 
Benrtok 
Newoutle 
„ Hartlepool 
M Middlesbro' 
„ Hall 
)f Lynn 
„ Yamonth 
Ipi 


Sonthampton 

Falmoath 


General Conversion Table, 

In this table the equivalent quantity of the second denomination will be found in the column, 
headed with the amount of the first denomination which it is desired to convert. 

Thus, in converting 7 miles to kilometres, one would look in the line “Miles — French kite-; 
metres,” and find in column 7 (corresponding to the number of miles to be converted) the equiva,- ; 
lent number of kilometres. - ^ < 

Examples: — 7 miles.== 11-2651 kilometres. 6 x4<t= 75 ’ 3984 * 

To the equivalent of 10 times ftie first denomination in terms of the second denomiliatio]& ' 
it is only necessary to move the decimal point in column i one figure to the right 

Example: — 10 French litres = 0*353156 cubic feet , 

The equivaibat of any other value (up to 99) of a first denomination may be obtained by 
W the de^al point one figure to the right in the column corresponding to the number erf tens fit * * 
that value and adding the figure m the column of units. ", , * ;/; 

Example: — To convert 47 avoir, lbs. to kilogranw 
40 lbs. = 18*143^ kilos. 

7 , v...= 

^ 47 lb 8 .s: ai*3iSif7i kilos. 


ilSISiS6S5&Sisfts 
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Similarly for values of too and over, the decimal point would be moved two Bgnres to the 
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the decimal point m the corresponding column one (or more, in accordance with the above syst 
figure to the lift^ of course interposing a “ o’* if necessary. 

Examples: — o-8 sq. ft.s 115*2 8:1. in. v 

To convert 0*25 cub. yards to cub. ft 
•2 cub. yards « 5*4 cub. ft 
*05 11 ♦» ”= 1*35 M It 

•25 cut. yards = 6*75 cub. ft 


Xieugtl). 

FiwnelhMlometreB*-- miles ... 
Fnmoh kiloxnetres .. 


AdflOhaltr miles — miles 
MPilM -^Admiralty miles ... 
B3tam6tva»~vadmlralty miles 


j^ftmizalW mites — kilometres 
Ftenoh motras — feet 
Feet 9mmh metres 

Inebes-^mUlimetrea 

MUttmetves^ inches 

B<iTUue Measure. 

84. tnclies— sq. feet 

Sq. feert—sq. fnobes ... 

Solid Measure. 

Ou. feet -> GU. yards 

Cu, yards— ou. feet .. 

On. luohes— ou. feet 

Ou. feet— ou. inches 

Capacity. 

French litres — ou. feet 
Cu. feet — French litres 
OallooB —on. feet 

Cu. feet— gaUons 

' French litres— ou. inches .. 
Ou. inches— French litres . 
Pints — on. inches 
Cu. Indies— pints ... «.■ 


•589676 1-07916 

1-8&8809 S-706619 

8‘2809 6-6618 

*80480 -60960 

25-89977 60'79964 


B-4865S 

6-4872. 

4-6060 

8-47868 

I 2 168802 
I 7-418287 
18-1286 
1-21920 
101-69009 
i -16748 


8- 10090 
8 0406 

6 7676 1 

4-84210 

2-697877 

9- 266646 
16*4045 
1-62400 

126*99886 

-19686 


8- 72828 

9- 6568 
6-9090 
6-21052 
6-287452 
11-119856 

19-6864 

1-82880 

152-89863 


4-84966 
11*2651 
8-0605 
6-07894 
8 777028 
12-978165 
22-0668 
2-18860 
177*79840 
-27669 


14-826474 

26-2472 

2-48840 

208-10818 

•81496 


I 6*60248 
»*48a7 
lO-05g 
7*81678 
4-866179 
16*67^ 
29*6281 
2-74820 
228*69796 
•86*488 


KUogiams — avoir, ids. 
Avoir. IDs. — kilograms 
Fyenoh kilograms — tons .. 
Tons — French kilograms . 
Cu* lent of rain water — lbs. .. 
libs.— on. feet of rain water .. 
CaUons of rain water — lbs. .. 
jCdw. — gaUons of rain water .. 
Cn. feet of sea water— lbs. .. 
Xdii.>rOti. feet of seawater . 
(jaaOBSbf sea water— lbs. .. 
libs.— gallons of sea water . 
Ctt. test of sea water ^ tons .. 
> Tons— ou. feet of seawater .. 
#all<inB of lain water —tons.. 

teutons of rainwater .. 
CAUonaof seawater— tons .. 
2 fons— gaUons of sea water .. 
Cubie feet of air —lbs. 
libs. — enbic feet of air 
Cable inches of air— Ibe. .. 
X>bB«— cable inOhes of air .. 
Klloe.sq. cm.— lbs.aq.ia. .. 
libe. sq. in. — kfloa. sq. em. .. 



1119-486 1848-882 


1091*180 1809*844 

*8776 '4680 







MOMi 

. jSumh 


Kauti- 

oal 

Miles. 

Statute 

KUometras* 

Kaatl- 

cal 

Miles, 

Statttte 





140*8. 


Maes. 

Miles. 

Kiiotsetcee. 

l/^s. 


flE8oBseM(Wi» 

\ •' ' '■* 

1 

' 1-ua 

1*858 

9 

10*864 

16*679 

17 

19*676 

81*604 

94 

1PI<686 


S 

9*1108 

8*706 

10 

U‘616 

‘ 16*683 

18 


83*867 

96 

06*71% 

4B1W8" ' 

8 

8*488 

6*660 

11 

13*667 

30*886 

19 

31*879 

^■n^TTT^H 

36 


48*^i0>' 

4 

4*806 

7*418 

11 

18*616 

31*388 

09 

38*060 

87*064 

97 

81t092 

60*0^ . 

8 

8*768 

9*366 

18 

14*070 

04*091 

01 

34*163 

88*917 

98 

n-043 

61*668 

8 

6*909 

U*119 

14 

16*121 

06*941 

03 

36*888 

40*770 

29 

88*004 

'68*743. ,, 

% 

6*061 

10*979 

16 

17*378 

07*796 

18 

96*486 

42*638 

80 

84*546 

wm 

8 

0*319 

14*886 

16 

18*434 

09*661 






1 


Convenioa^of Feet to Metres, 


FI. 

MetYoa 

Ft. 

Metres 

Ft. 

Metres 

Ft. 

Metres 

Ft. 

Metres 

Ft. 

Metres 

Ft. 

MelMt 

1 

*8047973 

7 

9*1816818 

18 

8*9628668 

19 

6*7911408 


9*1489200 

42 

12*8014878 

62 

16*8404618 

3 

‘6095947 

8 

3*4888706^ 

14 

4*9671626 

90 

6*0959466 


9*7685146 

44 

18*4110194 

64 

16*4500659 

8 

•9148920 

9 

3*7481760 * 

15 


22 

6*7056412 


1 10*8681092 

46 

14*0206771 

66 

17*0666604 

4 

1*3191898 

10 

8-0479788 

16 

4*8767678 

24 

1 7*8611360 

36 

10*9727088 

48 

14*7032720 

68 

17*6788461 

6 

1*6289867 

11 

8*8607706 

17 

6*1816546 

26 

7*9247306 

88 

11*6822986 

60 

15*8118667 

60 

18*2878400 

6 

1*8287840 

12 

8*6766680 

18 

6*4808519 

28 

8*6848262 

H 

12*1918982 






Conversion of Inches to MUUmetres, 



MiBimetres 

In. 

86*89977 

7 

60*79954 

8 

76*19932 

0 

101*69900 

•10 

126*99886 

11 

162*80863 




668 79499 

97 

684*19476 

28 

009*59458 

29 

684*00430 

80 

660*89408 

81 



«lfl-7W7l 

888*10948 

868'9900S. 

888'909QiS 

014^89180 


Sixty -fourths of mn inch in Millimetres, 


































































nuntmfi BtBintwt* ot PtMCttuA (M «f iw DM}. . . . 


HlfB 

B 

ffH 

m 

|M| 

iS 

m 

mm 



i ' 

•m 

* 

•14069 



g 




B 




m 




H 

12 


n 

ii * 

li 

A 

u 

22 : 

« 1 

mm 

*96668 








B 

*40695 

•49167 

•4875 

•46812 

•46875 

*48487 

/a 


m 

D 

n 


u 


D 

1 

H 

‘Si 

12 

H 

«2 

H 

II 

1 

1^1669 



19 



•60087 

•628 

•64069 

•66685 

•67187 

*6875 

•70B12 

•71876 

-W4fl7 

•75 . 



D 

22 


22 


g 

i 

22 

g 

n 

H 


12 

g 

■ 








•875 

*89062 



'9&1S 

‘96812 
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Blrmlagham or BngUah Standard Oauge. 


'Jui, 


OmSShla, Z I ^ rj 

1 

9 

a 

4 

5 

! 6 

7 

8 

9 


11 


18 

14 I 

16 

•aoo 

'284 

•259 

•288 

•220 

•208 

•180 

•165 ! 

•148 


•120 


•096 

•083 1 

lai 

- - 



222 



22 

lai 

A 


i 


A 

A 


Kmnlm 





20 

21 

22 

28 

24 

1 26 

26 

27 

1 2S 

20 1 

80 

Deolflial In. .. ... ... 





•085 

•082 

•028 

‘026 

‘022 



•016 1 

1 -014 


•019 

NMumst )«_ 

Unction ["“• - ~ - 

A 




A 



! 







Specific Qravity and Weight of Materials, 


MBTALS. 

Namft. 

Speoiflc 

gravity. 

Lbs. in 
a Cubic 
Foot. 

METALS. 

Name, 

Bpeoido 

Gravity. 

Lbs. m 
a Cubic 
Foot. 

^ TIMBER. 

Name. < 

Specific 

Gravity. 

Lbs. in 
a Cubie 
Foot, 

Alaraininm, out 

2*660 

1600 

Lead, sheet . .. 

11-400 

712*8 

Pir, yellow pine 

„ larch 

•461 

28‘8 

H ihoet . 

2-670 

166-9 

Steel, cast .. 

7-829 

489-8 

•496 

ai-o 


6*896 

624’8 


7*818 

488-6 


1-388 

•560 

•858 

•952 

‘984 

88-9 

85*0 

58*2 

59-4 

68*8 

48-0 

47-9 

54-4 

„ 8bo«t 

„ vire 

Bronee 

OoppoTi out.... 

9‘896 

$*544 

8*607 

682 8, 
688-0 
619‘4 
587’9 

ii soft 

TIMBER. 

7*884 

489-6 

Mahogany, Honduras 
„ Spanish... 

„ Australian 

Oak, British 

,t shoot 

8*786 

6491 

Ash ... . 

•768 

47*0 

„ Riga.. ; 

•688 

•766 

872 

„ wito 

B*S76 

54B‘6 

Cedar 

*486 

80*8 

„ Daatzic 

Gtm motfil 

8158 

609-6 

Elm .. . 

*644 

83-8 

„ red 

Iv^, east, avengo 

7125 

446 8 

Fir, red pine - 

•677 

861 

Teak, Indian 

880 

55*0 

„ wrought, aremge 

7*680 

480 0 

,, pitch pine 

*660 ' 

41*2 

„ African 

Walnut 

•988 

61-8 

Load, oast 

11*869 

709 6 

„ spruce 

'612 

820 

•671 

41-8 


Approximate Weight of Copper Pipes per Foot of Length. 


^oknesB. 


— 1 7^*7 

Internal Diameter (Inebes). .< 

— — - - - — j 


liidli* 

i 

D 


1^1 

1| 

li 

If 

9 

fli 


11 

8 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Jb. 

lb. 

lb. 

ib. 

lb. 

lb. 

all 

*98 

*49 

•61 

-80 

•90 

118 

1-87 

1*66 

1*75 

1-94 

918 

9*81 

. „ 1 

•66 

•94 

1-39 

1-70 

9*08 

2*46 

2-84 

822 

8-69 

8*97 

4‘8« 

4*78 

A : 

*90 

1*66 

9-18 

2‘69 

8*26 

3-88 


4-96 

5-68 

mo 

«*67 

7*94 

1 

m 

9-97 

8*09 

8*78 

4‘64 

6‘29 

605 

6-81 

7-65 

f89 

9«06 

$•74 




































































tfUetaMM CUi.) 

A 

i 

A 

1 

' 

A 

1 

A 

\ 


tb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

WMygbjtZiOB 
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Tonnage Measurement. 

All vessels over a certain size are rated by 
«ome method of tonnage measurement, different 
systems being employed for various purposes by 
tne several persons and authorities concerned. 

Register Tonnage. — This is used by the Cus- 
toms House and by the Board of Trade, and 
represents approximately the entire internal 
cubical capacity of a vessel in tons of loo cubic 
feet. 


UegisWr 
where L «s Inikle lief^g^th 




stem, to 

B = inside breadth at 
D = inside 'midship ; 

C = .45 for yachts under €0 tobsi’ 


'St ie><">-''V,r 


~ *5 ti "t>v«r ‘ ,j|-" ’ 

Gross Tonnage includes the Vhold:' 

<;^pacity of the vessel. ^ .. 

Net Tonnage is the gfross tontcikge less " 
crew and engine space, etc. . . ' , 

Dead Weight Capacity is the actual carryiiiye ' 
capacity to bring the vessel down to the ' 

mark. 


Displacement Tonnage is the actual total 
weight of the vessel with cargo, etc., aboard, 
Yacht Measurement or Thames Tonnagej^ 
This is the method usually in vogue for the ' 

surement of yachts. All fractional parts of a ton . 
are reckoned as a full Ion. 


T = (L— B)xBx^B . 

94 ■''' ' ' *' 

L is measured from the fore side of 
after side of stem post on deckv ^ 

Builders* Measurements. — ^ITbls is a methttd “ 
employed by builders, but is not otherwise in 
very general use. 

T = ( L— |B)xBxi^B 
94 

where L =s length along rabbet of keel from 
back of main stern post to a per- 
pendicular from the forepart of 
main stem under the bowsprit. 

B = greatest beam to outside of plank- 
ing, excluding doubling planks. 
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GLOSSARY OF TERMS USED IN MARINE MOTORlI»IG 

"fyr iMttM used in this book mad no^ given here refer to the index. 


A 

class of tho excellence of sea-going mer- 
chant ships on Lloyd’s books, subdivided into 100 
A,. 00 etc., 100 A. being the highest class. The 
difierentsb is chiefly due to thickness of plating, or to 
A small letter inside the A. indicates a finer 
oassifleation of each section in accordance with 
certain rules laid down. Coasting vessels and 
special seHIce vessels are classed under different 

cnaracte^4* 

Aaacx.-'-A vessel is taken aback when the wind 
/ the sails in such manner as to tend to drive 

Vr\%er astern. 1lt driven astern she is: said to make a 
’ Astern board.Slw 

Abaft.— -This word, generally speaking, means 
behindy inferred relitively, beginning from the 
stem and continuing towards the stern, that is, the 
hinder part of the ship. Abaft the beam implies 
any direction between a supposed transverse line 
amidships and the stern, whether in or out of the 
ship. It is the relative situation of an object 
wim the ship, when that object is placed in the 
arc of the horizon contained between a line at right 
ahgles with the keel and the point of the compass, 
which is directly opposite the ship’s course. An 
object— as a man overboard— is described by the 
look-out man at the masthead as abeam, before, 
or abaft the beam, by so many points of the com- 
pass j or as a vessel seen may be three points 
before the beam,” etc. 

Abeam. — I n a line at right angles to the vessel’s 
length ; opposite the centre of the ship’s side. 

.Asoa&d. — On board a vessel. 

Close aboard . — Close alongside. 

Abreast,— Side by side, parallel,* or opposite to ; 
generally used in opposition to abaft or afore. 
Abreast of a place is directly oft it, a direction at 
fight angles with th6 keel or ship’s length. 

Accumulator. — See Index. 

Adiabatic (expansion or contraction of a gas).— 
Change of volump without any transference of heat 
ticking place. Thus a gas expanding adiabatically 
wUl fall in temperature. Also known as iseutropic 
expansion. 

" Admiralty Mile.— A distance of 6,080ft. mea- 
sured and marked by the Admiralty for the purpose 
^ ol speed trials. 

Adrift — Floating at random ; the state of a 
hosit or vessel broken from her moorings, and 
dlivan to and fro without tcontrol by the winds 
and waves. Cast loose, cot adrift. 

Af'LOAt. — Borne np and supported by the water ; 
httoyed clear of the ground j also used for being 
on hoard ship. 

Aft.— -Contradistinctive of fore, and an abbrevia- 
tion of Ubaft-^he hinder part of the ship, or that 
neatest the stem. Right aft Is in a direct line with 
•the keel from the stern. To haul aft a sheet is to 


pull on the rope which brings the clew, or cornei 
of the sails more in the direction of the stern. The 
mast rakes aft when it inclines towards the stem* 

Ahead. — A term especially referable to any Ob- 
ject farther onward, or immediately before the 
ship, or in the course steered, and therefore op- 
posed to astern. Ahead of the reckoning is sailing 
beyond the estimated position of the ship. 

A-lee. — The contrary of a.weather; the position 
of the helm when its tiller is borne over to the 
lee-side of the ship, in order to go about or put 
her head to windward. “ Hard a-lee !” or “ lufi 
a.lee!” an order to the steersman to put the helm 
down. “ Helm’s a-lee !” the word of comxAand 
given on putting the helm down, and causing the 
head-sails to shake in the wind. 

Aloft. — ^Above, overhead, on high. Synony- 
mous with up above the tops, at the masthead, or 
anywhere about the higher yards, masts, and rig- 
ging of ships. “ Aloft there !” the hailing ot 
people in the fops. “ Away aloft !” tke command 
to the people in the rigging to climb to their sta- 
tions. 

Amidships. — ^The middle of the ship, whether in 
regard to her length between stem and stern, or in 
breadth between the two sides. To put the helm 
amidships is to place it in a line with the keel. 

Ammeter.— Same as “Amperemeter.” 

Ampere. — See iKdex. 

AMPEREMfjTER. — An instrument for measuring the 
strength of an electrical current in amperes. 

Annular — In the form of a ring. 

Anode (in a primary battery) . — The negative elec- 
trode. In any cell containing an electrolyte through 
which a current is passing, , the electrode by which 
the current enters the cell. 

Anthracite. — A special kind of hard Welsh 
coal. 

Anti-fouling Composition. — Composition in the 
form of paint, which is applied to the under-water 
portion of a vessel to prevent it accumulating*^ a 
growth of weeds, etc. 

Arc. — ^A gap in an electric circuit, across which 
current is passing, owing to the presence of fused 
particles in the gap, the voltage of the circuit, not 
being suifcjent to cause a spark to jump the gap. 
An arc can therefore only be formed by putting two 
conductors in contact and then separating them. A 
spark as from an iriduction coil is nbt an arc. 

ARCHBOAkD. — ^Th© ipurved frame which takes the 
after ends of the planking in vessel’s counter. 

Area or P»opELLEt.-^The sum of the actflal 
areas of the blades. 

Disc area. — The area of a circle of same radius as 
propeller blade. Blade area rarely exceeds .6 of the 
disc area. 

Armature (of a ooH). — ^Thai portion of th© txmxi- 
bier which is attracted by the magnetised core of 



^ 

^ wouad on it. ’ ^ , i *v^ 

* ‘AirtltN'.-— Any distance behind a vessel; in the 
eltet*p«txt of the ship; in the direction of the 
' steim* and therefore the opposite of “ ahead.*’ To 
dTOp astern is to be left behind ; when abaft a 
li^t angle to the keel amidships a boat drops 

astern. , . 

Athwart.— The transverse direction; anything 
extending across the line of a ship’s course. 

Athwart hawse,** a vessel, boat, or floating Inm- 
ber accidently drifted across the stem of a ship, 
the transverse position of the drift being under- 
stood. ‘‘Athwart the forefoot,*’ ]ust before the 
Stem. “Athwart ships,” in the direction of, the 
beam j from side to side ; in opposition to fore 

and aft.” , , ^ . 

Atomised (fuel). — Fuel reduced to a very finely 
divided state, really minute globules of liquid; 
atomised fuel is not, however, true gas. 

A-TRIP.— The anchor is a-trip, or a-weigh, when 
the purchase has just made it break ground, or 
raised it clear. Sails are a-trip when fbey are 
hoisted from the cap, sheeted home, and ready lor 

trimming. « 

Attenuated (gas). — Gas or vap^our under a 
nresswre loss than that of the atmosphere. 

Automatic VALVE.—One which opens or closes 
hv variation of piessure on its face without other 
oi^erating mechanism beyond a spring. 

^vast.— T he order to stop, hold, cease, or stay 
in any operation. 

Avast Heaving.- -The cry to arrest the capstan 
or winch when nippers are jammed, or any other 
impediment occurs when heaving in the cable or 

^°§^wkather.— The position of the helm when its 
tiller is moved to the windward side of the ship, 
in the direction from which the wind blows. The 
opposite of “A-lee.” 

A-WEiGH. — The anchor being a-tnp, or after 
breaking out of the ground, , 

Ay, Ay, Sir, — A prompt reply on receiving an, 
order. Also the answer on comprehending the 
order. (Pronounced, eye, eye.) 


— Xp “ back an anchor ” is to carry a small 
anchor ahead of the one by which the ship rides, 
to nartake of the strain, and check the latter from 
coming home. To “ back and fill,” is to get to wind- 
ward in very narrow channels, by a senes of smart 
alternate boards and backing, with weather tides. 
To “ back a sail,” is to brace its yard, so that the 
wind® may blow directly on the front of the sail, 
and thus retard the ship’s course. A sailing ves^l 
is “backed” by means of the sails, a steamer by 
reversing the paddles or screw-propelter. To 
“back astern” ; to impel the water with the oars 
contrary to the usual mode, or towards^the head of 
the boat, so that she shall recede. To “back a 
rope or chain,” is to put on a preventer when it 
is thought likely to break from age or extra strain. 
To“back water”; to impel a boat astern, so as 
to recede in a direction opposite to the former 

*^Back-fire.— An explosion taking place in an 
engine in the compression stroke, so that the direc- 
tion of running of the engine Is twersed. 
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Ballabt.-^A certain portion of 
gravel, water, or such like matetialSf 
a ship’s hold when she either has no chrft> 
little to bring her suflBlciently low in the^eyaw^ \ ; 

Bare Poles.— T he condition of a ship havitogi^ - 
sails set when out at sea, and either 
lying-to, by stress of weather. v ■ 

Battens. — In general, pieces of wood 
lin. to Sin. broad. Long slips of fir used for wbU '■ 
ting fair the sheer-lines of a ship, drewiim tfeft , 
lines by in the moulding loft, or setting ofi dia* 
tances. Also, thin strips of wood put upon rig*' 
ging, to keep it from chafing, by those who dislike 
mats ; when large these are designated “ Scotch- 
men.” 

Battens or the Hatches. — Long narrow laths 
of wood or iron, serving by the help of wedges to 
confine the edges of the tarpaulins, and keep them, 
close down to the sides of the hatchways, in bad 
weather. 

Beacon. — A post or stake erected over a shoal 
or sandbank, as a warning to seamen to keep at 
a distance ; also a signal mark placed on the 
of hills, eminences, or buildings, near the shore.fcq;^ 
the safe guidance of shipping. ' 

Beam. — T he greatest width of a vessel. 

Beam-ends.— A ship is said to be on her beam, 
ends when she has heeled over so much on one 
side that her beams approach to a vertical poai- 
tion. 

Bearer Arms. — Extensions or arms of the crank- 
case of an engine used to support it on its bearers. 

Bearers (engine). — Bearers or iron girders in a 
vessel to which the engine is bolted. 

Bearing. — (1) (of mechanism). — The support in 
or on which a part of the mechanism moves. 

(2) .— The direction (by compass or otherwise) itl 
which an object lies referred to the position of th^ 
observer or of the vessel. 

(3) Bearing up or away. — Altering course away 
from wind. 

Beating, or Turning to Windward. — The 
operation of making progress by alternate tacks at 
sea against the wind, in a zig-zag line, or trans- 
verse courses; beating,” however, is generally 
understood to be turning to windward in a storm 
or fresh wind. 

Beau de Rochas Cycle. — See Index. 

Becalm, To. — T o intercept the current of the 
wind in its passage to a ship, by moans of any 
contiguous object, as a high shore, some Other 
ship to windward, etc. At this time the sails re- 
main in a sort of rest, and are consequently de- 
prived of their power to govern the motion of the 
ship. Thus one sail becalms another. Also calleo 
“blanketing.” 

Before or Abaft the Beam.— T he bearing of 
any object which is before or abaft a line at a 
right angle to the keel, at the midship section of a 
ship. ^ , % 

Bell Crank. — A contrivance working about a 
pivot, and consisting of two arms rigidly con- 
nected together at an angle, by means of the ex- 
tremities of which reciprocating motion may he'> 
transmitted in a diverted direction, as in the 
Of the common comer quadrants of old-fashionwl:! 
nrire-pull house bells. , « 

Belly.” -T he swell pf a sail. To belly a jpil 4#^ 
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fill it with the wia<l, so . as to give 
^ it a taut leech. * 

BawD, To. — To fasten one rope to another, or to 
, anchor, etc. 

* B.H.P. — Brake horse-power. (See Index.) 

Big End (of a connecting rod). — ^The end of the 
rod attached to the crank pin of the engine shaft. 

Bight. — The loop of a rope when it is folded; 
in contradistinction to its ends. 

Bilge, oe Bulge. — That part of the floor in a 
ship — on either side of the keel — ^which approaches 
nearer to a horizontal than to a perpendicular 
direction, and begins to round upwards. 

Bilge Keels are keels bolted on to the bilge ot 
many vessels to make them easier in a seaway by 
preventing excessive rolling. 

Binnacle. — Tl;^e stand or case carrying the steer- 
iniS^ compass. 

Binnacle Light. — ^The oil or electric lamp which 
' illuminates the compass card in the binnacle. 
:^iSCHOEE Cycle. — See Index. 

,liiTTS. — frame composed of two strong pieces 
of straight oak timber, fixed upright in a ship, and 
bolted securely to the beams, whereon to fasten 
the cables or other ropes ; also iron or steel cylin- 
drical" castings bolted in places about the decks. 

Block and Block. — The situation of a tackle 
Vhen the blocks are drawn close together. 

Bluff (bow). — Blunt, like the bow of a barge. 
Boaed. — The space comprehended between any 
two places when the ship changes her course by 
tacking ; or, it is the line over which she runs be- 
tween tack and tack when working to windward, 
or sailing against the direction of the wind. To 
make a ^good board.*’ To sail in a straight line 
when close-hauled without deviating to leeward. 
To make “ short boards,” is to tack frequently 
before the ship has run any great length of way. 
To make a “ stern board,” is when by a current, 
or any other accident, the vessel comes head to 
wind, the helm is shifted, and she has fallen back 
on the opposite tack, losing what she had gained, 
instead of having advanced beyond it. (See 
Aback.”) The word board has various other ap- 
plications among seamen. To “go aboard ” sig- 
nifies to go into the ship. To “ slip by the bohrd ” 
is to slip down a ship’s side. To “board it up,” is 
to beat up, sometimes on one taeft, and sometimes 
on another. The “ weather-board ** is the side of 
the ship which is to windward. “ By the board,” 
means close to a ship’s deck. 

Boat-chocks. — Clamps of wood upon which a 
boat rests when stowed on a vessel’s deck. 

Boatswain. — The oflBlcer who superintends the 
boat sails, ship sails, rigging, canvas, colours, an- 
chors, cables, and cordage, committed to his 
charge. Although termed boatswain, the boats are 
not in his charge. They, with the spars, etc., and 
stores for repair, belong to the carpenter. 

Boat the Oaes. — Put them in their proper 
places fore and aft on the thwarts ready for use. 
Bobstay.— See Index, Masts and Sails^ Names of, 
Bobstay Plates. — Iron Opiates by which the 
tower end of the bobstay is attached to the 

Body Plan. — ^The drawing of a proposed ship, 
showing the breadth and timbers; it represents a 
section through the broadest part of the vessel; 
it is otherwise called the plan of projection, 
Bollasd. — A single post or m pair of strong, 
•tumj^y, wood or iron posts, generally when of 


iron with enlarged topa« iOf' turning 

and so securing them. < 

Bolstees.— Small cushions or bags of 
canvas used to preserve the stays frotn 
chafed by the motion of the masts, when the 
pitches* at sea. Pieces of soft wood covered with 
canvas, pdaced on the trestje-trees, for the eyes of 
the rigging to rest upon, and to prevent a shaxp 
nip. / 

Booby-hatch. — A smaller kind of companion, 
but readily removable ; it is in use for half-deck% 
and lifts off in one piece. 

Boom. — A long spar run out from dlflereni 
places in the ship, to extend or boom out the foot 
of a particular sail ; as, jib-boom, flying jib-boom, 
studding-sail booms, driver or spanker boom, main 
boom, square-sail boom, etc. Boom also denotes a 
cable stretched athwart the mouth of a river or 
harbour with yards, topmasts, or stout spars of 
wood lashed to it, to prevent the entrance of an 
enemy. To “top one’s boom,” is to start off. To 
“ boom ofl,” is to shove a boat or vessel away 
with spars. 

Bore. — A sudden and rapid flow of tide in cer- 
tain inlets of the sea. 

Bout. — “ ’Bout ship,” the brief order for “ about 
ship.” * 

Bow (pronounced similar to cow). — Either side 
of a vessel just abaft the stem. (See also “ Bows.”) 

On the ( fort or starboard ) bow. — In a direction 
varying from not quit© right ahead to not quite at 
right angles to the vessel. 

Bower Anchors. — The anchors at the bows and 
in constant working use. * ^ 

Bows (pronounced similar to cows). — ^All the ex- 
treme forward part of the hull of a vessel. 

Bowse, To. — To pull upon any body with a 
tackle to haul it taut. 

Bowsprit (pronounced bo-sprit). — The more or 
less horizontal spar protruding from the front of 
a vessel to which the mast is stayed. 

Box THE Compass, To. — Signifies the ability to 
repeat the names of the 32 points in order both 
forwards and backwards, as also to answer any 
and all questions respecting the divisions of the 
compass-card. 

Braces. — See Index, Masts and Sails, Names of . 

Brazed. — ^J oined by a fusible alloy of yellow 
metal. 

Breasthook — A crooked knee of wood or steel 
serving to strengthen the connection between 
the stem and the upper portion of the boat’s 
sides. 

Bring-to, To. — To check the course of a ship 
by trimming the sails so that they shall counter- 
act each other and keep her nearly stationar 3 is; sl|je 
is then said to lie by, or lie-to, or heave-to 
“ Bring to an anchor.” The act of anchoring a 
vessel. , 

Broach-to, To.— To fly up into the wind. It 
generally happens when a ship is carrying a press 
of canvas with the wind on the quarter, and a 
good deal of after-sail set. In extreme cases the 
sails are caught flat aback ; in such case the maets 
are likely to give way. 

Brush. — An electrical conductor used to collect 
current from a rotating conductor. 

Bulkhead. — ^A transverse partition dividing the 
interior of a hull into sections. 

Bull Rope. — ^A rope rove through a blook in 
the bowsprit and bent to a buoy the ship ia moGiad 





Imip the buoy dear ol £be item. A xop^ 
tttte to doaar a foul anchor. 

/:^trLt.*e*aira.— -A more or less epherical block of 
metal or hard wood (generally lignum vitae] with 
a groove round it to enable it to be held in an 
eye splice or otherwiee at the end of a rdpe, and 
with a hole through it acting as a f^ir-lead for 
another rope. t 

Bunt.— I he middle part of a square sail. 

‘ Buoy. — ^A sort of close cask, or block of wood, 
fastened by a rope to the anchor, to show its posi- 
tion. Buoys of various kinds are also placed upon 
rocks or sand-banks to direct mariners where to 
avoid danger. i 

Bureau Veritas.— The French equivalent of 
Lloyd’s. 

Burrs. — S ee “Roves.” 

Bus Bar.— An electrical conductor, to which all 
the current from the source of supply is fed, and 
from which a number of branch circuits are aup- 
plied. 

Bush. — cylindrical bearing in one piece. 

Butt. — A straight joint in planking at right 
angles to the length of the planks. The joining of 
two timbers or planks endways. In iron ships the 
en(Lof the skin plates. 

By. — O n or close to the wind. “ Full and by,” 
not to lift or shiver the sails 

By the Board. — Over the ship’s side. When a 
mast is earned away near the deck it is said to 

go by the board.” 

By the Head. — ^When a ship is deeper forward 
than aft. 

By the 'Stern. — ^When the ship draws more 
water aft than forward. (See “ By the Head.”) 


Carle (1). — measure of distance at sea: one- 
tenth of a nautical mile, 608ft.., but more usually 
taken as 200yds. 

(2).— The chain, wire, or rope attached to the 
anchor^'for anchoring or mooring the vessel. 

Calibre. — The internal diameter of a pipe or 
tube. 

Call, or Pipe.— A peculiar silver pipe or 
whistle, used by the boatswain and his mates. 

Callipers.— Compasses with inwardly or out- 
wardly curved points used in workshops for mea- 
suring diameters of shafts, cylinders or bearings, 
etc* 

Camber.— The round upon the upper deck; the 
curve of a ship’s plank ; a small tidal basin. 

Cant, To.— To turn anything about, so that it 
doe^ not stand square. _ . , , 

Capacity f (Electrical).— Strictly speaking, a 
measure of the capability of a conden.^er to absorb 
electricity. A condenser of unit capacity^ (one Far- 
rad) would have a potential of one volt produced be- 
tween its two sets of plates, if supplied with one 
coulomb of electricity. Of accumulators, capacity 
is taJeen as a product of the strength of current and 
of the time for which it can be maintained. Thus a 
cell of 10 ampere-hours capacity could supply a cur- 
rent of 1 ampere for 10 hours, or a current of 10 
4 unperes for one hour. ^ 

Capping, or Rail.— The moulding on top of the 
bulwark or gunwale of a vessel. 

Capstan.— A mechanical arrangement for lifting 
igMkt weights, usually the anchors. ,, 
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Ash or ihidBoty, 

the sqillLre fioles in the dnxtti beadj 
of a wheeL They are used to Hie 

round, by the men setting their hands mk.* 
against them and walking round. 

Carburation.— The process of mixing ^ 
fuel with air. The fuel being comically 
carbon is said to carburate (or carburet) the «!&' . 

Careening.— T he operation of heaving the 
down on one side. 

Cahlines. — Fore and aft framing round hatah^ 
ways or other openings in a deck. 

Case-hardened Iron. — Iron with an outer Skin * 
of extreme hardness. (See “ Steel, Chrome.*’) ■ 

Cast of the Lead.— T he act of heaving the lead - 
into the sea to ascertain what depth of water 
there is. 

Cat’s-paw. — A light air perceived at a distance^ 
in a calm by the impressions made on the surface 
of the sea, which it sweeps very gently, and then 
passes away, being equally partial and transitory. 

Caulking. — F orcing a quantity of oakum, or 
old ropes untwisted and drawn asunder, into the 
seams of the planks. 

Cavitation. — The partial vacuum formed behind 
a propeller blade when revolving at too high a 
speed. 

Centrifugal. — Outwards from a centre. 

Centripetal. — Inwards towards a centre. 

Charging (Accumulators). — The act of sending 
a current through the cells. See Index. 

Chart. — A sea map showing depths of water, 
coast lines, beacons, lights, buoys, currents, etc. 

Charter. — To charter a vessel is to hire her for 
a time or for a voyage. 

Check. — To slack off a rope a little, and belay 
it again. 

Chime, or Chine. — ^A longitudinal frame connect- 
ing the sides and bottom of a barge or other vessel 
having a sharp angle at their junction. 

Chock. — A block or wedge of wood or other ma- 
terial used to prevent motion, or as a support. A 
block to prevent the cradle or frame on which a 
ve^el is built from slipping on the ways. 

dkoKE THE Luff.— T o place suddenly the fall 
of a tackle clc^e to the block across the jaW of 
the next turn of the"^ rope in the block, so as to pre- 
vent the leading part from rendering. 

Cleat (1). — Shaped piece of wood or metal 
round which a rope may be secured. 

(2). — Any small piece of wood to prevent move- 
ment of other pieces. 

Clench, or Clinker.— That method of boat con- 
struction in which the edges of the planks overlap. 

Clenching.— Turning over the end of a nail. 

Clew. — T he after lower corner of a fore-and-aft 
sail or the two lower corners of square sails. See 
also Index, Masts and Sails, Names of, 
Close-hauled.— T he general arrangement or 
trim of a ship’s sails when she endeavours to pro- 
gress in the nearest direction possible contrary to 
the wind. ’ 

Close-reefed. — ^When under lower tops’ls efi dl > 
fores’l, or, in small craft, when the sails are made 
as small as possible by reefing. 

Clutch.— A device for connecting at ^1 ^ 
driving and a driven shaft. 

Coach Screw.-*-A large screw fbr wood wSB 
long shank and square or hexagonal head, . , . , ; 

. CoaminCs^(oI the Hatches or Gratiitga) , 
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work, about the edges ol the hatch-opeoitigs 
:i3 a Ship to prer'ent the water on deck from rwrt- 
juing down. 

Cock. Bill.— T he situation ot the anchor when 
suspended from the cat-head ready for letting go. 

CoMMUiATOR (in motor work). — A device tor in- 
terrupting a low-tension circuit. This word is a 
misnomer, for in electrical engineering a commuta- 
tor is an arrangement for passing current from the 
armature to the brushes of a dynamo, or vice versa. 

Companion. — hatchway with a house or large 
fixed hatch over it to admit of entrance. 

Condenser, Electrical. — See Index. 

Core.— 'A shape of sand used in casting. 

Core Print. — P rojections from a core used to 
ke^ it in position in its mould. 

Cotter. — A piece of metal, generally flat, some- 
times wedge shaped and sometimes with up-turned 
ends, used to jam a bearing in position, to hold a 
cutting tool in a boring bar, or to hold a spring- 
backed washer on a spindle. 

Coulomb. — The electrical unit of quantity, equal 
to a current of one ampere flowing for one second. 
The equivalent in hydrostatics of so many cubic 
feet of water. 

Counter (1). — An instrument with a graduated 
scale, used for counting the revolutions of tho 
engine or other shaft. 

(2). — The overhanging part of the stern of a 
vessel clear of the water-line and beyond the stern- 
post. 

Counter-sunk. — Those holes which are made 
for the heads of bolts, rivets or nails to be sunk 
in, so as to be even with the general surface. 

Couple. — Two equal and parallel but opposite 
forces acting through points in a rigid body some 
distance apart and tending to turn it. 

Course (of a ship).— (1) The direction on the 
chart, or by compass, in which it is proceeding 

(2). — (A sail), the lowest square sail on mast of 
a squaxe-rigged vessel. 

Covering Board. — The outer plank of the deck, 
which is shaped to the outline of the vessel, and, 
in conjunction with fhe shelf, connects the deck 
and sides. 

Cradle. — The framework upon which a vessel 
is launched or hauled out of water. 

Cramp. — A mechanical contrwanc^e for drawing 
two pieces of wood or other objects together ; 
usually actuated by a screw. 

Crank, or Crank-sided, is applied to a vessel 
which, by her construction or her stowage, is in- 
clined to lean over a great deal ; or which, from 
insuflficient ballast or cargo, is incapable of carry- 
ing sail, without danger of overturning. The op- 
posite term is ** stiff,” or the quality of standing 
well up to her canvas. 

Crankshaft conveys the power from the con- 
fiecting rod to the propeller-shaft. 

Cross-Jack (pronounced cro’jack). — See Index, 
Masts and Sails, Names of. ' 

Cross Spauls. — Cross ties, temporarily fixed 
from side to side of a vessel <o keep her in shape 
until the deck beams arc in. 

Crow-foot. — A number of small lines spreading 
out from OiVk arrow or long block, used to suspend 
the awnings by. 

Crude Oil.— U nrefined oil obtained direct from 
fhe oil springs. 

Cut-off. — T he point, in relation to the stroke, 
at which the steam or fuel supply is cut ofi. 


Cycle (of internal combustion engine).— I'ko ’ 
series of operations performed on the gases in the 
cylinder. “ L 

Cycle, Beau de Rochas.— See Index. 

Cycle, Oito, Bischoff.— gas Indec* 
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Davit. — A piece of timber or iron with sheaves 
or blocks at its end, projecting over a vessel’s 
side to hoist up and suspend one end of a boat 
or anchor. 

De 4 .d Reckoning.— Distance covered by a ves- 
sel as calculated by the log, making allowance for 
tides, etc., without observations of sun or stars, 
or of fixed marks or beacons. 

Dead Water. — The eddy-water under the coun. 
ter of a ship under way ; it is so called because 
it passes away slower than the water alongside. 

Deadwood (1). — A heavy piece of timber, more 
or less in the form of a knee, connecting the stem 
or stern post of wooden vessels with the keel, part 
of which may be outside the planking. 

(2). — The lower part of the stem or stern of a 
vessel with considerable hollow in her section^ at 
these points. 

Decomposition (of Fuels). — The breaking up of 
a fuel into its component parts under the influence 
of heat, but without burning. 

Densimeter — An instrument (usually a glass 
tube containing some coloured discs of suitable 
weight) which registers the density of arw liquid in 
which it is immersed, relatively to the aensity of 
water. The density of water in these instruments 
is usually taken as 1,000, so that petrol with a 
density equal to decimal 7 that of water would give 
a densimeter reading of 700. Similarly, sulphuric 
acid of a strength suitable for accumulators would 
read 1,200, that is, 1.2 times as heavy as water. 

Depolariser. — ^ i\ny chemical used to prevent 
polarisation 

Derelict. — An abandoned vessel. 

Die. — A hard metal form in which soft metal is 
pressed or worked to take a shape as determined by 
the form used. 

Differential (Gear) (in a boat).— A combina- 
tion of gear wheels' for causing the propeller shaft 
to revolve in the reverse direction to the engine 
shaft (In a road vehicle). — To permit one of two 
driven wheels on the same line of axle to revolve 
quicker than the other, as when turning a corner 
The bevel wheel type of differential consists of a 
bevel spur wheel driving another bevel spur wheel 
on the same line of shaft by means of small inter- 
mediate bevel pinions. • 

Dioptric. — A form of lens with horizontal angu- 
lar rings for the better diffusion of light in ships’ 
lamps. A#iother form is known as “lenticular.” 
In this case the whole surface of the glass is cut in 
facets, each of which reflects the light and greatly 
increases the power of the lamp. 

Disc Area. — See “ Area.” 

Distributor (High-tension).— See Index, 

Ditty Bag. — It is in use among seamen for 
holding their necessaries. 

Dock Dues. — The charges made upon shipping 
for the use of docks. 

Draught, or Draft.— The depth of water a ship^ 
displaces, or of a body of fluid necessary to float 
R vessel, hence ^ ship is said to draw so many 
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idtft of wMer when she requires that depth to float 
hers this is, for convenience, marked on the stem 
and stern-post from the keel upwards, in figures 
which are usually 6in. long and 6in. apart, the 
hottom of the figures representing the depth. 

Drawback. — A n allowance by the Government 
inder which duties paid are returnable wholly cr 
in part. 

Drogue. — A spar or sea anchor used to lay a boat 
to at sea, or to prevent her being driven in on a 
beach too quickly, by hanging it over the stern to 
a line. 

Drop Forging. — A shaped piece of metal (iron 
or steel) forged between dies under the action of a 
falling heavy weight. » 

Drowned (of a pump). — Filled with water (or 
other liquid) when at rest, or which will fill at 
once on being started, without the necessity for 
any suction action, owing to the free surface of the 
liquid being at a higher level than the pump. 

Duct. — A small tube or similar passage 

E 

Earth (Connection). — A very loosely-applied 
term indicating a connection to any part of the 
frtoe of an engine 

Efficiency, MECHANicAL.—The ratio of the 
power actually available to that theoretically 
attainable. 

Efficiency, Thermal.— The ratio of the energy 
imparted to a piston by an explosion in its cylinder 
to the theoretical hevat value of the fuel. 

Electrode —Plates or other shapes immersed 
in an electrolyte, and used to conduct the current 
to or from the liquid. 

Electrol\sts — The decomposing action of an 
electric current on an electiolyte. 

Electrolyte. — A liquid through which an elec- 
tric current passes and which is decomposed by 
that current 

Electro Magnet — One or Inorc pieces of iron 
temporarily magnetised by an electric current, the 
magnetism disappearing as soon as the current 
ceases. 

Entrance. — A term for the bow of a vessel. 
That part of the fore part of the ship from the 
cutwater to the part it swells out to the full beam 
of the ship. 

Epicycljc Gear.— A system of toothed wheels for 
obtaining a reduction of speed of revolution or a 
reverse drive. (Only the latter type will be found 
in a boat.) A central driving spur wheel meshes 
with small pinions round its circumference, which, 
in turn, mesh with an intern ally-toothed ring wheel. 
(^ Index.) 
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Fair-lead. — A contrivance through which a 
rope is led to clear an obstruction and to avoid 
chafing. 

Fall. — T he free end of the rope of a halyard, 
sheet, or purchase. 

Falls. — T he purchases used for hoisting boats 
at davits. 

Fenders — Lengths of spars cut up, or bundles 
of faggots tied together, and hung over the ship’s 
side to prevent chafing against another vessel or 
against a wharf. The fenders of a boat are usually 
made of canvas, stuffed and neatly painted. 


plo4ftd gases in the get into the inkt pipe 

when the inlet valve first opens and ignitea fihe 
in die induction pipe. In cases of very fast-r^nins 
engines, and with excessively weak inlet ' valye 
springs, the inlet may remain open till the end of 
the compression stroke, when part of the explodhiig 
charge may get back into the mduction pi^.. 

Flap Valve. — A flat-faced valve hinged at one. 
side. ^ 

Flare. — The outward slope of the sides of , a 
boat from the water-line to the gunwale. 

Flashpoint (of a liquid). — The temperature at- 
which a volatile liquid gives off inflammable'' 
vapour in sufiicient quantity to ignite at the' 
approach of a flame. \ , 

Flat-aback. — When all the sails are blown with 
their after-surface against the mast, so as to give 
stern-way. 

Flatten In, To. — The action of hauling in the 
aftmost clew of a sail to give it greater power of 
turning the vessel. 

Flemish, To. — T o coil down a rope concentric- 
ally in the direction of the sun, or coil of a watch» 
spring, beginning in the middle without riders ; blSt' 
if there must be riding fakes they begin outside; 
the latter is the true Fiench coil. 

Floors, — Stouter transverse frames connecting 
the timbers from side to side with the keel. 

Flotsam. — Goods floating from a wreck. 

Fly. — The outer portion of a flag away from the 
staff. 

Foddering, or Fothering is usually practised to 
stop a leak at sea. A heavy sail, as the sprit-sail, 
IS closely thrummed with yarn and oakum, and 
drawn under the bottom j the pressure of the water 
drives the thrumming into the apertures. 

Fore -FOOT. — The foremost piece of the keel, or 
timber which terminates the keel at the forward 
extremity, and forms a rest for the stem’s lower 
end. 

Fore Peak — The extreme forward part of a ves- 
sel under the deck. 

Full and By. — Sailing close-hauled on a wind. . 

G 

Gangway.— ^ haf part of a ship’s side, and open- 
ing in her bulwarks, by which persons enter and 
depart, provided with a sufficient number of steps, 
or cleats, nailed upon the ship’s side, nearly as 
low as the surface of the water, and sometimes fur* 
nished with a railed accommodation-ladder pro- 
jecting from the ship’s side, and secured by &on 
braces. 

Garboabd-strake. — The first range of planking . 
laid upon a ship’s bottom, next the keel, to which it 
is nailed. 

Gasket. — A cord or piece of plaited .or othSif: 
stuff, to secure furled sails to the spar. 

Gauge. — A device for measuring or comparing 
the dimensions of parts of machinery. 

Gland. — A piece^of metal loosely encircling a, 
rod or shaft for the purpose of keeping the packing 
material, through which the rod or jiaft works, 
tight in place. 

Going Free. — Sailing with the wind abeam. » , 

Governor. — Mechanism controlled by the apeed 
of the engine and arranged to cut down the supply 
of gas as soon as the speed exceeds a predetermn^, 
limit. 
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V ‘ WtttiA,— A special typ© erf gowaor 

^ asiwiy deiCdbed as the hit*and*nuss type. An arm 
^ el ihe {governor is utilised as a tappet rod to open a 
V^fve ef the engine, and the position of the arm is 
contjrolled by a beavy ball or other weight so fitted 
that as soon as the engine speed reaches a certain 
limit the tappet changes its position and fails to 
open its valve , 

Graftiko. — A n ornamental weaving of fine 
yarns, etc., over the strop of a block; or applied 
to the tapered ends of the ropes, and termed 
pointing. 

Grapnei., or Graplinc.— a small anchor for 
hoittt, having a ring at one end, and four palmed 
claws at the other. 

Geatikgs. — ^A n open woodwork of cross battens 
land ledges forming cover for the hatchways, serv- 
ing to give light and air to the lower decks. 

GripISS. — A broad plait formed by an assemblage 
of ropes, woven and fitted with thimbles and lan- 
^ yards, used to steady the boats when hung in the 
davits, or upon the deck of a ship at sea. The 
gripes are fastened at their ends to ring-bolts in 
the deck, on each side of the bolt, whence, passing 
over her middle and extremities, they are. set up 
by means of the lanyards. 

Ground Swell. — A sudden swell preceding a 
gale, which rises along shore, often in fine weather, 
and when the sea beyond it is calm. 

Grub Screw. — A small pointed screw used to 
maintain the relative position of two pieces of any 
mechanism, screwing into the first piece and bed- 
ding into a shallow pointed hole in the second. 

Gudgeon Pin, — ^T he spindle set diametrically 
across a piston and to which the connectijig rod is 
attached. 

Gudgeons. — H angings for rudder, each pair of 
which consists of gudgeon and pintle. 

Guess-warp, or Guest-rope. — A rope carried to 
a distant object, in order to warp a vessel towards 
it, or to make fast a boat. 

Gunwale.— A longitudinal strip of hard wood 
used to stiffen the top of the sides of a boat. 
Among Thames builders this is sometimes termed 
initfale. In decked vessels it is usually termed shelf, 
and may be of either wood or steel. 

Guy.— A rope used to steady a weighty body 
from swinging against the ship’s side while it is 
hoisting or lowering, particularly 'w^len there is a 
high sea. Also a rope extended from the head of 
sheers, and made fast at a distance on each side 
to steady them. 
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Hsit.— To call another vessel. 

Halyard, Halliard. — A rope used for hoisting a 
t»all or flag. 

Hammer, Water. — ^T he resistance of water in a 
pipe to a suddenly-applied force, tending to pro- 
duce or arrest its motion, causing a blow like that 
j&i a hammer. 

Hand.— A term often used lor the word “ man.** 

HarD-a-Lee. — T he situation of the tiller when it 
brings thfi^ rudder hard over to windward. 

Hatchway.— A square or oblong opening in the 
middle of the deck of a ship. 

Hawse Holes. — Cylindrical holes cut through 
the bows of a ship on each side of the stem, through 
which the cables pass. 


Head (of a liquid].— ^The hei^t of its tee euftee 
above the point to which it is r<iferred. ' ,, 

Heel of a Mast.— T he lower end which ' 
fits into the step attached to the keel, or in topr ^ 
masts is sustained by the fid upon the trestto* 
trees. ^ 

Helical. — S haped like a spiral, such as a screw 
thread or a*coiled spring. Helical gear wheels are 
those having teeth set at an angle across the cir- 
cumference of the wheel. ^ 

High Carbon Steel.— A steel containing a con- 
siderable percentage of carbon. 

High-tension Distributor.— S ee Indejc. 

Hogged. — Implies that the two ends of a ship's ' 
deck droop lower than the midship part, conse- 
quently, tnat her keel and bottom are so strained 
as to curve upwards. The term is therefore in op- 
position to that of “sagging.” 

Hoist {1^. — To lift. 

(2) . — That portion of a flag next the stafil. 

(3) . — ^A set of flags forming a signal. 

Horn Plate. — See “ Bearer Arms.’* 

Horns. — The points of the jaws of booms or 
gafis. Also the outer ends of the cross-trees. 

Hot Pot. — A system of ignition consisting of a 
small chamber initially heated by lamp and kept 
hot automatically by the explosions in the motor 
cylmder. * 

Hot Tube. — A system of ignition depending on 
a small tube screwed into the engine cylinder and 
heated by a lamp. 

Housing, or House-line.— A small line formed 
of three fine strands^ smaller than lope yarn j prin- 
cipally used for seizings of the block-strops, fasten- 
ing the clews of sails to their bolt-ropesf and other 
purposes. (See “Marline.”) 

Hove Down. — The situation of a ship when 
heeled or placed thus for repairs. 

Hove Short. — The ship with her cable hove 
'taut towards her anchor. 

Hove to, Lying to.— Sailmc vessel, with fore 
and aft rig, when lying nearly head to wind with 
her fore sheet hauled over to windward throwing 
the sail aback. 

Hug, To. — To hug the land is to sail as it 
as possible, the land, however, being fb windward. 
To hug the wirid, is to keep the ship as close- 
hauled to the wind as possible. 

Hydrocarbon. — A fuel composed of caibon in 
combination with hydrogen. 

I 

Impedence. — The opposition offered to the flow 
of an electric current by the induction of the circuit 
in which it flows 

Induced Current.— A current due to inducti^m. , 

Induction (Electro -magnetic). — The generation 
of a potential difference in a conductor due to>a 
current parsing through an adjacent conductor Oir“ 
through the same conductor. 

Inertia- — R esistance of a body, increasing with 
its mass, to change of motion, whether in direction 
or velocity. 

Inertia Governor.— See “ Governor.” 

Intercostals. — ^Short transverse members con- 
necting two girders. 

INIA'ALE.— See “Gunwale.” 

Iridium.— A metal which is very difficult to qad- 
dise, and which is alloyed with platinum to give 
the requisite hardness to contact points. 
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, saillntr vtiswA is in irons irlien' slt^ 

[ fo wind and will not pay off on eitbor tack. 
ECBKHAt (expansion or contraction of a gas). 
-f-A change of volume effected without change of 
iempafatuie. 
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Jack. — A flag, the XTnion Tack ; upper quarter of 
British ensign next the staff. 

Jack-stay. — See Index, Masts and Sails, 'Names 

Pf. 

Jam, To. — T o fix anything so that it cannot be 
freed without trouble and force. 

Jaw.^ — T he inner, hollowed, semi-circular enfl cf 
a gaff or boom, which presses against the mast ; 
the points of the jaw are called “ horns.** 

J ETSAM. — Goods sunk. 

ETWSON.^Goods thrown overboard. 

Jib. — large triangular sail, set on a stay at 
the bowsprit. 

Jib-boom. — ^A continuation of the bowsprit for- 
ward. 

Jig. — A ccntiivance (which may take any number 
of forms) for facilitating the machining of compo- 
nent parts of any piece of mechanism. 

JoiiKEY Pulley. — An idle pulley used to guide 
or keep the tension on belt, or, in some cases, on 
a chain. 

Joggle. — To cut a section out of one piece of 
timber to allow it to fit over another piece. 

Journal. — That portion of a shaft which turns in 
a bearing. 

Jumper.— See “ Tappet.” 

Junk Plate, Junk Ring. — A plate or ring bolted 
on the top of a piston to keep the rings in place, 
Jury-mast.^A temporary or occasional mast 
erected in a ship in the place of one which has 
been carried away in a gale. 
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Kapok. — A species of Australian vegetable fibie, 
like wool, used for stuffing cushions, etc. 

Kathode. — In a primary battery, the positive 
electrode. In any cell in which a current is passing 
through an electrolyte, the electrode by which the 
current leaves the ceil. 

Kedge. — A small anchor used to warp a ship 
from one part of a harbour to another. 

KfeEL. — The backbone or foundation of a ship 
Upon which the rest of her structure is built. In 
wooden ships it consists of squared lengths of suit- 
able timber which are joined at the ends by strong 
scarphs. In iron ships there are various kinds, 
balr, %ide bar, and flat plate keels. 

Keep your Luff. — An order to the helmsman to 
keep the ship close to the wmd. 

Kino Plank.— T he central plank of*,, a deck, 
usually wider and occasionally stouter than the 
rest of the deck planks. 

Kink. — ^A n accidental curling twist, or doubling 
turn in a cable or rope. 

Knees. — P ieces of bent wood, iron or steel for 
<i<»inecting certain parts of vessels together, such 
as the beams or girders to the ribs or frames. 
In some cases the beams themselves are bent at the 
«udiiinto knee shapes. 

Knees, Hanging. — ^Vertical knees connecting the 
<!eck beams with the timbers and side of the Vessel. 


the dadi bei^s tbit sbdif 

of 4he vessel. . 

Knees, QtrARTBK.-^Knees conuectiiig 
ends of the shelf or gunwale with the tra(n^!3ia Or 
archboard. \ . 

Knot (1). — A measure of speed 
one nautical mile per hour. ' ’* : 

(2). — A division of log line to correspond with 
period of the sand glass ; so many knot divisions, per 
turn of the glass gives the speed of the vessel 'la ^ 
knots. " ' 
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Lanyard. — A short piece of rope or line made 
fast to anything to secure it, or to serve as a '" 
handle. 

Latitude. — Distance north or south from the 
Equator on the earth’s surface. 

Latitude, Parallels of. — Imaginary lines , 
parallel to the earth’s equator. 

Lay. — T he twisting of a rope, as “ hawser laid,** 
similar to ordinary yacht’s rope ; “ cable laid,*’ 
usually three hawser laid ropes laid up together ; 
may be laid right or left-handed. 

Laying Off. — M aking full-sized drawings of a 
vessel on floor of mould loft from small scale 
drawings. 

I^ay, To. — T o come or go, as lay aloft, lay for- 
ward, lay aft, lay out. 

L.B.P. — Length between perpendiculars, i.e., 
that between the fore side of the stem and the after 
side of the stern post on deck. 

Lead (pronounced ledb — See Index. There are 
several forms of patent leads for self-registering the 
depth of water 

Lead (pronounced leed). — See “Fairlead.” The 
direction in which a line runs. 

Lee. — I t is the side opposite to that from which 
the wind is blowing. 

Leeway. — The distance a vessel loses by drifting 
to leeward of her course. 

Levrine. — A similar material to pantasote. 

Leyden Jar.— A condenser made in the form of 
a plain jar, having tinfoil coatings both inside and 
outside. 

T.ie-to, To. — To cause a vessel to keep her head 
steady, and as close to the wind as possible in a 

gale. 

Lifts. — See Index, Masts and Sails, Names of. 

Limber Holes —The holes cut in the timbers 
and floor frames to allow free passage of the bilge 
water. 

List, To. — To incline to one side. 

L.O.A. — Length over all 

Load Water Line. — The draught of water ex- 
hibited when the ship is properly loaded. 

Locknut — A nut used to prevent another 
shaking loose. 

Log (1). — A book in which is kept a complete 
record of the vessel’s movements, the state of 
the weather and sea, etf and all that occurs during ‘ 
a voyage. 

(2). — A contrivance for afscertaining the distant* 
traversed by a vessel through the water or its speed. 
patent or Taffrail Log. — A mechanical arrangement/, 
.fitted on the stern and showing the distance pn a' " 
)|iiaL Chif Log. — A sector-shaped piece of wood/ 
(littached to a lino and dropped overboard; 'the ;: 
;|ime taken to run out a known length of Htif .T " 
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/lakea iu%d the the vessel calculated there* 

Irom. (Sec **Kno^i)[ 

' Longitude. — Dikance east or ivcst on the earth’s 
surface ; by Britons reckoned from the meridian of 
Greenwich. 

Luff. — T he order to the helmsman to bring the 
ahm’s head up more to windward. 

L.WX, — Length on water line. 

M 

Magnetic Field. — A space under magnetic in- 
fluency, conventionally represented as lines of 
force, these lines indicating by their direction the 
direction of the force, and by their number its 
inten.sity. 

Magneto.— S ee Index: 

Make Fast. — A term generally used for tying or 
securing ropes. To fasten. 

Malleable. — Used chiefly of a certain variety 
of cast iron; metal that can be hammered or bent 
cold. 

Man, To. — To provide a competent number of 
hands for working a ship or boat, or any part of 
her gear. 

Marline. — Small taired twine. 

Marline-spike. — A taper-pointed steel spike, 
used for opening the strands of rope in splicing. 

Mean Effective Pressure, —The average pres- 
sure exerted on a piston during its power stroke. 

Meet Her. — T he order to adjust the helm, so as 
to check any further movement of the ship’s head 
in a given direction. 

Meridian. — An imaginary line on the earth in a 
direction due north and south. 

Mesh (gear wheels in mesh). — Toothed wheels 
in gear, so that one drives the other. 

Mesh (of a net). — The spaces between the strings. 

Metacen'JRE.— In a ship lying perfectly in equili- 
brium, or upright, a line drawn perpendicularly to 
the jieel passes through both the centre of 
buoyancy and the centre of giavity of the ship. 
When the ship is heeled to any angle, the centre 
of buoyancy, owing to the change in the form of 
the ship immersed, is shifted out of that peipendi- 
cular line towards the side to which the ship is 
heeled in proportion to the angle of heel. A verti- 
cal line drawn from this new ceAtre of buoyancy 
cuts the perpendicular line drawn through the 
centre of gravity, and the point at which it cuts it 
is called the Metacentre. The distance between 
that point, or the metacentre, and the centre of 
gravity is called the metacentric height, and upon 
the measure of that height depends the leverage, 
or power of the ship, to right herself when the force 
which heels her (such as wind) is withdrawn, or 
to preveut her heeling further if the force is con- 
tinued. If the centre of buoyancy shifts so mucli 
that the vertical line drawn from it cuts the before- 
mentioned perpendicular line at or below the 
centre of gravity the righting power is lost, and 
the ship will capsize ; therefore to be safe the 
metacentric point must alwgvs be above the centre 

lll,£.F^Mean elective pressure. 

Metal.»^A term usually applied to brass, bronze, 
^C.« in contradistinction to iron or steel. 

MiDSHIFS.—* T he middle part of the vessel, either 
with regard to her length or breadth. 

MiLE.^See “Admiralty Mile/’ “Statute Mile,” 

“Nautical 


Missing $tays.—To fail in going about from one 
tack to another. 

Motorman. —The British marine equivalent of 
the automobile foreign word chauffeur; the man 
who has charge of the motor. 

Mould: — A framework made to the shape of the 
section o^a boat, and used in building. 

Mould (in casting). — A sand shape into which 
molten metal is poured. ^ 

Moulded Depth. — From top of floor timbers to 
top side of deck beams amidships. 

Moulding. — The depth of a timber or part of 
the frame of a boat. 

Mould-loft. — A long building, on the flodr ol 
whith the intended vessel is laid off from the 
several drawings in full dimensions. 

Mousing. — A' lashing connecting the bill of a 
hook with the shank. 

M.P. — Motor power, as measured by the Marine 
Motor Association foimula. * 

M. Terminal (of a coil). — A contraction of the 
French word “masse,” meaning “earth.” In its 
accepted sense the “ M ” terminal of a coil is the 
one to be connected to the make-and-break gear. 

N 

• 

Nautical Mile. — 6,082.6 feet, usually taken at 
Admiralty standard of 6,080 In general use, Ad- 
miralty mile of 6,080 feet. 

Needle Valve. — A valve of extremely small 
aperture, closed by a fine-pointed rod or spindle. 

Negative Poi e. — An empirical term for one 
pole of a battery (see “ Positive Pole”). The nega- 
tive pole of a batteiy is usually indicated by the 
symbol — . 

Nettles. — Small line used for seizings, and tor 
hammock-clews. ^ 

N. H.P. — Nominal horse power. 

Nip.— A short turn in a rope 

Node. — A point in v.hich a curve cuts itself. 

Normal to. — A t right angles to 

o 

O. A — Over all ; extieme length wherever taken, 
including moulding or figure-head 

Off and On. — W hen a ship beating to wind- 
ward approaches the shore by one board, and re- 
cedes from it when on the other. 

Off Sets — Measurements taken, say, from 
centre line of vessel to the intersection of a water- 
line and transverse section 

Offer Up. — T o fix a thing temporarily in the 
place It is intended to take. 

Ohm.— See Index. 

Oil, Crude. — See “ Crude Oil.” ^ 

Oil, Residual.— See “Residual Oil.” 

Oil, Shale — See “Shale.” 

Open JHawse. — When a vessel rides by^ two 
anchors without any cross in her cables. 

Otto Cycle.— See Index. 

OuTWALE.— See “ Rubbing Band,” a term seldom 
used. 

p 

Painter. — A rope attached to the bows of a boat, 
used for making her fast. 

Pantasote. — A patent waterpioof maierial, 
somewhat like thin Icathor, used for covering 
cushions, etc. 
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Pahattin Wax.— a very highly insulating wax, 
it>Ttinng part of the residue of crude oil after dis- 
tillation. 

Parallel (Connections). — ^Any electrical con- 
dnctors so arranged that the current from a com- 
hion source divides into two or more .branches 
passing through them. Of batteries, dr more 
cells having all their positives connected together, 
and all their negatives connected together. Such 
a battery has a capacity equal to the sum of the 
capacities of each cell separately. 

Parbuckle. — To move a body by rolling it along 
by means of a rope passed around it. 

Pay. — T o coat or cover, or to fill a crack with 
waterproof composition, such as marine glsie or 
pitch. 

Pay Off, -(1) (sailing), to allow the ship’s head 
to fall away from the direction of the wind. 

(2). — (Of a vessel), discharging the crew on con- 
clusion of a voyage or commission. 

Pegamoid. — A similar mateiial to pantosote. 

Pig-iron. — A n oblong mass of cast-iron or lead 
used for ballast. 

Pinion^. — The smaller of two gear wheels mesh- 
ing together 

Pintle. — A vertical pin in the rudder post to 
ho>d the rudder. Pin of rudder hanging. (See 
** Gudgeon.”) ^ 

Pipe Berth. — A folding bed, the frame of which 
is made of gas (or similar) piping. 

Pitch of Propeller. — Distance in line of ship 
of one complete turn of blade or thready The 
theoretical distance through which a propeller 
would mo^;e if turned through one revolution in a 
solid body. 

Plimsoll Mark —A sign consisting of a circle 
cut by a horizontal straight line to indicate the limit 
of load allowed for a vessel. 

Plunger. — T he piston working in a pump barrel. 

Polarize. — The collection of bubbles of gas, 
products of electrolysis, on the kathode of a 
primary battery ; these bubbles'* being ncn-conduc- 
tors of electiicity obstruct the flow of the current, 
and so weaken the battery. 

Port. — (1) A harbour. 

(2) . — The left-hand side of a vessel. (See also 
“ Starboard.”) 

(3) . — Opening into a cylinder. 

Port-charges, or Harbour Dues. — C harges 

levied on vessels resorting to a port. 

Positive Pole. — An empirical term, denoting 
that pole or terminal of a battery from which the 
current is supposed to flow. As a matter of fact, 
there is nothing to prove that electricity really flows 
cither from positive to negative or vic.e versA. The 
positive pole is usually indicated by the symbol -f- . 

Potential Difference.— T he difference of elec- 
trical pressure, measured in volts. 

Pressure (mean effective). — ^>ee “ Mean Eflective 
Pressure.” * 

Pricker. — Small marline-spike, with wooden 
handle, used in small boats. 

Primary Battery. — S ee Index. 

Primary Winding (of induction coil). — See 
Index. 

Prime Mover. — A ny mechanism for converting 
energy into motion. 

Priming (a pump).— Putting water in it to make 
it draw. 

Priming (sti'»am engine). — The pa.ssage of water 
with the steam from the boiler to the cylinder. 


Profellxx, Amxa or.r-^e ettm m the areee ift 
the blades .of the , ; ' : ^ ' 

Purchase.— Any meaneVdrlscreasxaf ibe power 
available ior movmg heavy weights, etc. ; generally 
an arrangement of ropes and pulley blodESt ^9e0 
also Index, Mas/s and Sails, Names af* 

Q 

Quarantine. — ^A seclusion from a free commusU* 
cation with the inhabitants of any country. 

Quarter Knee.— See “Knees.” 

R 

Rabbet. — The groove cut in the keel^ stem, etc., 
to make the joint with the planking. 

Race. — (1) (tide) Broken water caused by a very 
strong-running tide, in some cases termed ‘‘Over- 
fall.” 

(2) (Engine). — To run at excessive speed. 

(3) . — Column of water discharged from propeller. 

Reciprocal iNG. — The act of moving alternately 

forward and backward along a straight line. 

Reefing. — Reducing the size of the sail by rdl- ^ 
ing up a portion. 

Reef Poinis. — Short pieces of cord sewn into 
a sail with ends on opposite sides of the sail; 
used for tying round the rolled up sail when 
reefing. 

Rendering. — Any rope, hawser, or cable is 
“ rendered ” ^ easing it round the bitts. 

Residual Oil. — Black, treacly-looking oil re- 
maining after the lighter constituents — petrol, ben- 
zine, paraffin, etc. — have been distilled oft. 

Resonance. — Two or more independent vibra^ 
tions coming into step with each other. 

Rowlock (pronounced rulluck). — A U-shaped 
piece of metal, with a shank fitting into a hole in 
the gunwale, in which an oar is placed when 
rowing. 

Ridge-rope. — The centre rope of an awning. 

Rove. — Threaded through ; to pass rope throu|^ 
block, hole, or fair-lead. 

Roves (pronounced rooves). — Slightly conical 
metal rings, on which the inner ends of nails are 
turned or clenched to prevent them drawing out. 

Royal Maijt. — See Index, Masts and Sails^ 
Names of. 

Rubbing Band. — Sometimes termed an “dht* 
wale. This is a projecting moulding of hard wood, , 
frequently shod with iron or metal to protect the 
vessel’s side. 

Run of Vessel. — The narrowing in of the under- 
water body of the vessel to the stern. 

Run out a Warp.— To carry a hawser out from 
the ship by a boat, and fasten it to some distant 
place to remove the ship towards that place, or to 
keep her steady whilst her anchors are lifted, etc. 

s 

Sagging. — A term applied when the centre part 
of a ship droops. 

SAMSo?f Posts. — ^Almost the same as “ bollards,*! 
which see. Generally of wood, in pairs, and co®-.- 
nected about half-way up by a cross piece, whidt ; 
extends beyond the posts at both ends. 

ScANTLiNGS.-r-Dimensions of the principal ' 

tural parts of a vessel, and also of ma<^iiiery^ 

ScARPH.— A form ot joint in the frsimis|(Sf W 





<et » wwtf* 1 b B*ich the two wA* «m 

-tid.'a' Idag tapetf W cw 
, j $<;AV8i70x(of a motor onginej,— To dear out the 
]>imt gaaes Iroxn the cylinder. 

S«REW. — See “Propeller.** 

Sc1Meve:-—To mark with’ a sharp-pointed tool. 
Also scribe or serij/e. 

Scuttle. —A small hole or port cut either in the 
deck or side of a ship, generally for ventilation. 

Sea Mjle. — Same as nautical mile. 

SeconOaey Battery. — S ee “ Accumulator.” 

Secondary Winding (of an induction coil). — See 

Index. 

Section. — A plane through a vessel at right 
angles to her water-line. 

Seize (1) (of two pieces of machinery in rubbing 
contact). — ^To stick hard together. 

(2).— To bind two parts of rope or other sub- 
stances together with small line 

Series Connection (Batteries connected in). — 
The 4- of one cell is connected to the — of the next, 
and so on for any number of cells, leaving a + and 
a — terminal at each end. The voltage of a bat- 
tery connected in this way is the sum pf the voltages 
of each of the cells separately. 

Series Connection (of any pieces of apparatus). 
— So arranged that the same current, from any 
source, passes through all of them. 

Serve.— T o wind tound tightly with small twine 
the end or other part of a rope or spar. 

Serving Mallet. — A wood or metal mallet with 
a round T head, having a groove along the length 
of the head to take the rope being served j the serv- 
ing twine is wound round rope and mallet head, 
and the mallet worked round the rope to draw the 
serving tight. 

Shale Ojl. — Crude mineral oil obtained from 
shale beds. 

Sheave. — T he wheel in a pulley or block. 

Sheave (Eccentric). — A circular disc placed ec- 
centrically on a shaft. 

Sheer. — The longitudinal curve of a ship’s decks 
or sides upwards towards the ends. A perfectly 
straight ship is said to have “no sheer.** Should 
the ends droop, a ship is said to have “reverse 
sheer.** 

Sheer Strakb, or Top Strake. — T he uppermost 
plank in a vessel’s side. * 

Sheet.— T he rope attached to the lower after 
corner of a fore and aft sail to hold it in against 
the wind, or both lower corners of square topsails, 
etc. 

Shelf.— S ee ** Gunwale.” 

Ship's Papers. — Documents descriptive of a 
vessel, her owners, cargo, destination and other 
particulars necessary for the court of instance. 

Shrouds. — Wire ropes securing the mast to the 
sides of the vessel. 

Siding, — The width of a vessel’s framing as op- 
posed to depth or moulding. 

Sell of a Dock. — T he timber at the base against 
which the gates shut; the depth of water which 
wiU float a vessel in or out wf it is measured from 
It to the surface. 

Bki^ Effect. — A phenomena met with in rapidly 
alternating electric currents ; such currents appear 
to be only conducted by the outer skin of any con- 
ductor, the resistance of a very thin tube being 
the same as that of a solid bar of the same external 
diameter. 

Skin Friction .*-^T he rubbing resistance ofleied 


by waiter to the surface of a boat passing 
it n. 21b. per sq. foot (cleai^ paint); resistance 
to skin friction varies as 1.8 power of speed, ' . , 

Slack in Stays.— S low in going about. 

Slip (of propeller). — The percentage ratio of the 
actual .advance to the theoretical advance in' '^b§ 
direction pi the vessel. 

Slip Ring. — A metal ring on a rotating shaft from 
which electric current can be collected by meaqs qf 
a brush in rubbing contact with the ring. 

Small End (of a connecting rod). — The end 
carrying the bearing which is attached to the 
piston or piston rod; sometimes known as the 
gudgeon pin bearing or crosshead bearing. 

SHIFTING Valve (in a pump). — An automatic 
valve for admitting air to prevent hammering in 
the pipe ; an automatic valve admitting air and, 
in some engines, water, during the suction stroke. 

Soapstone. — A talc-like mineral used as insulat- 
ing material of a sparking-plug. * 

Solenoid. — A single coil of wire having consider- 
able induction. 

Soundings. — Depths of water as taken with the 
lead line. /« Soundings^ in water whosd depth can 
be taken with the hand lead line. 

Span. — A rope with both ends made fast, so that 
a purchase may be hooked to its bight. « 

Spanker. — See Index, Masis and Sails^ Names of. 

Spauls — Battens fixed across the top of a boat 
to prevent the sides spreading when building. 

Spell. — The period wherein one or more men 
are employed in particular duties demanding con- 
tinuous exertion. 

Spigot. — A plug or peg fitting into ^ coriespond- 
ing socket ; used to maintain the relative positions 
of two adjacent bodies. 

Spilings. — The measurements taken from the 
edge of the spiling batten to the edge of the last 
plank, in order to get the shape of the next plank. 

Sprocket. — T he larger of two wheels, of which 
one drives the other by means of a chain. 

Spur Wheel.— •The larger of two gear wheel* 
meshing together. 

Starboard — The right-hand side of a vessel. 
The order to the steersman, “ Starboard ” (or 
“Port”), means move the helm (tiller) to starboard 
(or port), which will have the effect of bringing 
the ship’s head round in the ofposiU direction. 

Start. — To start, applied to liquids, is to empty. 

To “ start a tack or sheet ** ; to slack it off, as in 
tacking or manoeuvring. “Raise tacks and sheets.” 

Starting Torque. — S ee “Torque.” 

Stay. — A rope supporting a spar, usually in a 
fore and aft direction. " 

Staysail. — K triangular sail hoisted upon a stay. 

Stays, In. — A sailing vessel changing c^rao>v 
from one tack to another with her head directly to 
the wind and sails flapping. Missing Stays^ is 
failure to^ change over from one tack to the 6th«r, 
necessitating paying ofl again on the same tack. 

Steel. — Iron combined with carbon and son^i- 
times with manganese, tungsten, chromium, and 
phosphorus. 

Steel, Chrome. — Steel containing Chromium ; ’ 
this is a glass-hard metal. , 

Steel, Hard. — Steel containing a high {>erceitt» 
age of carbon and cooled suddenly from a bTignt 
red heat. 

Steel, Mild.*— S teel combined with a smaller 
percentage of carbon, and capable of much bend* ' 
ing without fracture. 
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V Stem. Band, Keel Baku, Etc.— I ron or luetft! 
1^03 td pro^ tiiese parts. 

.,;<SxSE*— The block in whicb tbe heel of a mast 


Stviw Post.— T ho main stem frame of a- vessel. 
(In tba case of power vessels a second 'similar post, 
called the rudder post> is sometimes fitted abaft 
#te propeUet to carry the rudcjea:.) 

STEEK-SHKETS.—The after part of an open boat 
where the passengers sitj also the seats in that 
|»ortion. 

Steen Tube. — The tube passitig through the 
•tetn post or bottom of a vessel in which the pro- 
peller shaft revolves. ^ 

Steake.— A longitudinal planking in the skin of 
a Vessel. 

Stranded. — A rope is stranded when one of its 
ttrands is broken by chafing, or by a strain. A 
vessel is stranded when driven on shore. 

Stream the Buoy.— To let the buoy fall into the 
water before letting go the anchor. 

STEiNGEE.“Longitudinal strip of timber, worked 
on the insid^ of the timbers or frames, usually at 
the bilge. 

Strum. — A strainer box. 

SutpHATiNG.— See Index, Accumulators. 

Sump. — ^A small box or pit into which water or 
other liquid may drain. 

Sun and Planet Gear.— See “ Epicyclic Gear.” 

Swab. — ^A sort of mop-head, formed of rope-yarns 
of old junk, used for cleaning and drying the decks 

Sweat. — To join two pieces of metal with solder. 

* 


Tabernacle.— A wood or steel case to support a 
lowering mast. 

Tack (1 ).— tack in sailing is to change the 
course of the vessel, to bring the wind from one 
side to the other by way of right, ahead. Port (or 
starboard) tack , — Having the wind on the port (or 
starboard) side. 

jS). — Of a sail.— The forward lower comer of any 
sail. See also Index, Masts and Sails, Names of. 

Tail Block. — A rope-stropped block, having an 
and of rope attached to it as a tail, by which it 
be fastened to any object at pleasure. 

Tappet.— A n intermediate member in any 
mechanism Used to transmit the motion of a cam 
to the part to be actuated. 

Tarpaulin. — Canvas well covered with tar or 
paint to render it waterproof. 

Tension (High). — ^An electrical conductor is in a 
condition of high tension when its electrical pres- 
aure ^ of such magnitude as to cause a jump ” 
iy[>ark of appreciable length. In electrical engi- 
neering, at a pressure of 600 volts or over. 

jCflw.— A condition of electrical pressure of less 
m^nitude than 500 volts. (See High Tension.**) 

THERMAL. — Appertaining to heat. 

Thermal Efficiency.— S ee “ Efficiency.” 

Throttle.— A device for regulating the supply 
bf gas passing from the carburetter to the cylinder 
by opening or closing the passage through the in- 
duction pipe. 

Thrust-block.-^A heavy piece of metal fitted 
, With grooves, between which rings on the propeller 
abaft work, thereby transmitting motion to the ship. 

Thwart. — A transverse seat in a boat. 


Tn^ 

Tnam.-.th» iairntm 

'V(f ■ '>■'<' 

Gross Tonnagi is the total cubic capacity of Jbitw 
enclosed space on board ah^p. ' ; 

only^ avbilaJbJa 

Re^ster T onnagt it that measured and entered da 
the ship»8 register ; it is practically the «une an del 
tonnage. 

produce rotaddn,' 

lORQUE, Starting.— T he initial turning effcHt of 
an engine starting from rest. * 

Tort^ Private wrongs either to persons or pro- 
perty afloat. ^ 

Transom.— T he transverse piece forming the 
after end of a square-stern boat. ® 

r^NsoM Berth. — ^A merican misnomer for any 
nxea berth. ** 

Trembler.— S ee Index. 

Tsiu.— The difierence between the draughts at 
the stern and bow. 

Trip Gear.— See Index. A device for breaking 
the circuit inside a cylinder fitted with low-tonsil 

Tube Ignition.— S ee “Hot Tube.** 

Tumble Home. — T he inward curve of the sides 
of a boat from the water-line to the gunwale. 

^ manufac- 

ture of self-hardening steel. 

Tyb.— S ee Index, Matii and Sails, Wamts tf. 

V 

Unrig, To.— To dismantle a ship of her standing 
and running rigging. * 

Up WITH THB HBI,M.-Put it a-weather. 

.>,*^1 boat’s hull rounded at 

the keel like the letter “ U.** 


haTf wind IS said to veer and 

atlnd haur?o™«d“‘'“’ 

Veer, To.— To let out, to pay out. 

v»;.’=srS£..*“ 

VoLTMBTER.— An instrument for measuring the 
voltage of any source of electrical energy. 

letter * ''““el’* hull lik* the 

w 

. ''^**®'~^he transient, generally smooth track' 
m^essed on the surface-water by a shi^a 

Watbr Hammer.— see " Hammer." 

WATER-LoooBD.-The state of a ship faU of ' 
»wt *“** * booyMt cargo thaf atadoM. 

" W^ter- WAITS.— T he strske on the 'buida rf ' 
vBssd in line with the edge of the ^ 

W^g R gtttter.Way to lead the water ofi 
ta the scuppers. 
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, way,— A vessel is “ under way/* or 

i*aii ** way on/* when moving ahead or astern ^ 
thtou|^ the water. . 

In way of,— In the line oi or near ; frequently ap- 
plied in respect of the engine in a vessel. 

Ways. — The sloping baulks or guides upon 
which the cradle slides when launching a vessel. 

Wlathee-uslm. — ship is said to carry a 
weather-helm when she is ^ inclined to gripe, 
or come too near the lirind, and therefore 
requires the helm to be kept constantly a little to 
windward. 

Wetgh.— T o ** weigh the anchor is to get it out 
of the ground and hanging by its cable from the 
vessel. 


A vessel is sometimes said to be under weigh** 
as soon as her anchor is clear of the grounds 
though not necessarily moving. 

Well.— The part of the vessel where any water 
that leaks into the ship can collect, and from 
thence it is pumped overboard. In small craft <hc 
term' is applied to the cockpit or undecked space 
generally abaft the cabin. 

Wetted Surface. — The superficial area of ^ hull, 
which is immersed. The greater this area the 
greater will be the skin friction as the boat moves 
through the water. (See “Skin Friction.**) 

Wheel — Th^ American misnomer for a screw 
propeller. 

JViPE Contact.— S ee Index. 
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Absorption or Fan Dynamomttpr 
Accessibility in Cabin Boats 
AooecaibiUty of Engine 
AcceseibI* Engine, Maudslay 
Aoceasible Motor, Barcar 

Aocesaories, Boat 

Aoorunnlator, Coil, and High-tension Distributoi 
Aoonmalators 


Accumulators, Charging 
AcoumulKtore, 


Discharge Limit of . 

Accumulator, Separate Coils and .. 

Aocnmulatore, Points Concerning 
Accumulaitors, Position of Coil and 
Accuracy in Measurement 
Acetylene Ligsbtmg ... 

Action and Re-action in Screw Propulsion 
Action, Centrifugal, and Screw Propelleib 

Action of Rudder 

Action of Water Jet on Propeller Blade 
*'Acti\»’’ and “Greyhound,' Elxperiments witli 
Adaptable Carburetter Device 
Additional Air Inlet, Reasons for 
Adjusting Errors .. 

Ad]ustment of Induction Coil Trembler .. 

Admiralty Pattern Anchor .. ... 

Admiralty Pattern Pipe Joint 

Admiralty Towing Experiments 211 

Admiralty Warrant to Fly Enatgm 334 

Advance and Retard Gear on Magnetos 195 

Advanced Centre Oonstruotion of Racing Engines .. 128 

Advantages of motor Tugs ... 279 

Advice and Information, Misoelljineouii, for Boat Owners 

48, 60, '248, 334, 339 

Advice Concerning Propulsion for Industrial Craft 270-284 

Aft Run, The 46 
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Air Scavenging, An Example of 
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Air Vent in Fuel Tank '* 

Ajax Motor, Tho 

Alcohol Lighting .. 

Alignment of Connecting Rod 
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Alb paraffin Engine, “ Marmot/' 

Alongside, Coming .. ... 

Alongside. Towing 

Alterations to Rudder 

Aluminium for Sea Work 
Aluminiurm Use of 

American Elm. Selection of .. , „ 

American Motor, A Well-known, Buffalo. 
American Motor, Two-atroke, “ Fan banks, ' 
Amperage: Accumulator Charging, Kate of 
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Anchor, 

Anohors, 

Anohors, 
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Sea, How to Improvise 

Folding * 

“ Hope-Chantrell " 

Anchor. Simplex • 

Anchors. Mooring . . • • 

Anchor, “Trotmans ^ „ 

Anchor. “ Wasteneys-Smith s , Vei S 

Angle Brackets for Securing Small Motor . . 261, 262 
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Annealing Copper Pipes 256. 349 
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Approximate Weight of Copper Pipes per Foot Run . . • • 
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92 
.. 161 
.. 254 

. 92, 93 
285 
136. 137 
138 
107, 108 
304 
.. 308 

.. 268 
.. 245 

176 
8 

81, 82 
94, 95, 96 
. 178 

211 
327 
300 


Arrangement of Oontinenlal Barge .. 

Arrangement of Installation, Small !l^at . 

Arrangement of Reverse Gears 

Arrangements, Controlling 

Arrangements. Exhaust 

Articles Likely to be Wanted, Inventory of 
Ashore, Salving Boat when 
Aesociation, Marine Motor, The 
Association, Racing Motor Yacht, International 
Automarine Sets, Day 
Automatic Carburetter 
Automatic Ignition, Electric .. 

Automobile Engine Suitable for Rner Boats 
Auxiliaries, Propeller in . 

Auxiliary Barges, Small Lighters and 
Auxiliary Bearings on Crankshaft . . 

Auxiliary Canoe-yacht, “Louise,” Specification and Plane 16, 17 
Auxiliary Cruiser, 4Vi-toni, Single-handed, “ White Kitten," 

Snccifluation and Plans of H 

Auxiliary Motor Fishing Yacht, “ Conoara,” Specification 

and Plans of 18, 19, 26 

Auxiliary Motor Trawler, 114 tons, “ Ibis III.,” Specifi- 
cation and Plans of 70 

Auxiliary Motor Yachts SO 

Auxiliary Motor Yachts, Propeller for 247 

Auxiliary Motor Yachts, Requirements of Motor in .. .. 247 

Auxiliary Sails, 14-ton Cruiser with, “ Mornodaste,” Speci- 
fication and Plans of 20, 21, 22 

Auxiliary Yachts and Cruisers 50 

Avoid at Sea. What to 319 

Awnings for Open Boats 57 


Bad Work, To Recognise 4ft 

Baflie Plates, Exhaust 350 

Bags, Kit 29ft 

Balance of Horizontal Engines 235 

Balance Weights, Crank , . . .... .. 139. 

Balancing of Engines, Yarrow’s Expeiinienta .. .. .. 22ft 

Balancing of Reciprocating Masses 23ft 

Balancing Revolving Weights 22& 

Ball Thrust Bearings 2 


. 76, 79, 10ft 

274, 282 
. 274, 275, 278 
. . 278. 

. 276 

274, 276 
274, 276 


27t 


Baroar Motor, The 
Barge, A Dutch .... 

Barge, Arrai^ement of a Continental 
Barges, Auxiliary, Small Ijighters and 
Bargee, Oomnanson and Specification of 
Barges in Belgium, Germany and Holland 
Barges, Motor * 

Barge, Specification of Continental .. 

Barge, Sprltsail, Thames 

Barge, Suction Gas 

Barque, Jacka&s 

Barquentinc 

Barque Rig 

Barque Rig. Four and Three-inaded 
Base Line Diagrams, Circular . 

Batten, Long Spiling, The 

Batten, Use of the .. 3ft, 

Batteries . . . . 351 

Batteries, Dry m 

Batteries, Primary l7ft 

Batteries, Secondary 17ft 

Battery, Position of Coll and . 2S8, 288 

Battery, Solenoid and, for Low-tension Ignition 201, 202,2^ 

Beach Boats 245 

Beacon Buoys 8M 

Beams, Deck, Pitting 53. 

Beams, Deck. Woods Suitable for 7 

Bearers, Engine .. .'12,33^262,24^ 


. 233, 234, 235. 


Bearers, Engine, Woods Suitable for 
Bearers, Fitting 
** ^ Moto: 


. 348 

.2, *282 


Bearers for Motor 
Bearers for Motor, Sizes of 

Bearers, Thrust 348 

Bearing on Shaft, Spigot 182 

Bearings. Auxiliary, on Crankshaft 13ft 

Bearings, Ball Thrust ' 2 

Bearings, Big End 137 

Beani^, Oomposs and Ooaraea, Converting into PolAts, 

Table for . 

Bearings, Crank Chamber End VS9*l 

Bearings, Crankshaft 




' AuilUary 


ng wlxea 


Low ofT Propeller 
fl^des of Propeller, vibration Due to Number of 

Bladee, Proi»eller, Fanciful Form of 

Blades, Propeller, Form of 

Blake Hotor 

Blow, Heavy, Lying-to in a 

Blow Lamp 

Blue Bnsigns. and White, The . 

Board Oontrol 

Board, Engine, The • 

Board of Trade Register, The . 

Board of Trade Regulations . 

Board of Trade Regulations, Neglect of .. 

Board of Trade Reservations, Harbour 
Board of Trade Reaervations, Inland Navigation 
Boat, American lUcing 
Boat Ashore, Salving 
BoaL Oaro of the . . 

Boatt^Ohooirtng, Things to Look for 

Boat, *»pott*t^Mn a 

Boat, lltiwrgeing yRepairs to 

Boat, I5ft.. Obet of 

Boat, Folding, Berthon 

Boat. Folding, James 

Boat, Folding, Oxford 

Boat, Folding, Shell4)end .... 

Boat, Learning to Handle a . . 

Boat. Motor, Designing 

Boat, Open. Decking 

Boat. Oxford, Folding 

Boat, Pioneer/' Fishing 

Boat, Position in the 

Boat, Baelng, 40ft., " Dixie " 

Boats at Mocttingo, Covering .. 

Boats, Beach 

Boats, Crossing, Rule for 

i^ta. Davit .. .. 

Boats, Des^wood Stern. Boring and Fitting Tulx; 
Boats, Equipment of . . . 

Boats* Estimating Speed of 

Boats, Fishing 

Boats, Flat>hcatomed, Stern Bearings for . . 

Boat's Keal, Boxing and Fitting Tube . 

Boat, Small, Fuel Tank in 

Boat, Small, Installation Arrangement in 

Boata, Motor, Oommeroial 

Boats, Motor, Construction of . . 

Boats, Motor, Vibration on 

Boat's Name, The 

Boata, Open, Awnings for .... 

Boat, Speed of, Estimating 

BaaVBpeed Tables for 

■“ ■ inality and Finish of , 


- 851 

. B, for FlaAltotlomed Boats 351 

Sappoct of Ovaakshaft 188, 140 

; Tha 865 

nothing m 293 

, Motor X 

> Motor, Best Form of 2 

Bad, Motor, Fitting 348 

Be^Englno 348 

Ball Buoys 298 

BtU «r C^, Use of .. .. 342 

Balt, BevMia, A 168. 169 

BaHtiJLiife, and Buoys, Ki^k . . 293 

Banaaped. QetUng Boat Off when .... .310 

B on Dinghy, The ..325 

Voaae] ^ Anchorage, To 300 

Pinion lEteverse Gear .161 

Bevel Wheel Reveiae Gear, Friction 165 

Big End Bearings .. is? 

Kg Bttd Bolts, SeoBtlug 
ailfO Pump .... 

Klge Suction Strainer . . 2M, 2^ 

Birmingham Gaum Compared with English Standaid 366 

‘“’--’-Tvall HitohTlbe 313 

, Pxvqpeller, Water Jet Action on . . ^15, 216, 217 

^ Screw Propeller, Area of 208 

..jft, Differences Concerning Number of 3^ 

des for Propelleia. Guide ..218 

. 210 

. 224 

.. 222 
. 221 

76, 79. 80 
308.309 
351 
.. 334 

273 
259. 260 
367 
340-344 
.. 344 

.. 344 

.. 344 

.. 63 

.. 310 

.. 53 

48-52 
339 
309 
49. 246 
325 
. . 325 

.. 326 

326 
304 
36-47 
53 

. 326 

282 

.. 262 

63 
56 

.. 245 

.. 304 

. 246 

250.251 
.. 51 

.. 305 

.. 244 

.. 351 

250,251 
.. 266 

261-267 
.. 270 

.. 25 

.. 226 

59 
57 

.. 305 

362. 363 

'Quality and Finish of 51 

Boata, River. Engine Suitable for < 

Boats*. Speed of, and Fuel Consumption . 26$ 

Boat, Stoanded. Floating 309, 310 


' ' ' ' ' - ? 

and Watt’s 'Expetimeot with Miom-' 
rm of. Effect .. .. . ,, ** , 


Boat, Stranded, Refloating a . . 
Boata tJnderbody, To Pobicad 
Beat's, Wfoale^baoked, Mooring Gear 
Boat. 20-30ft., Coat of. .. .. a 

Body Plan 


310 

. 60 
. 307 

49 

.25,26 


B)^ Plana attd Sections, To Measure Area of 

“ ‘ “■ riBnd, Securing 137 

jlding-down ^ 

„ Importance of Keeping ^ 

for Btern*tube Hole 34,250 

Boring Hole for Stern Tube 34, 35, 248. 249 

Boa^ Magneto Ping Ignition 205. ^ 

Boas* MpeUar .. .. * 172.222,223 

Bottom* Oaattng the 59, «0 

Boulton and Panl Motor 93 


Bow. B^ons of ^ 4 - . y* *vw mV 

Bra^ets, ^gla, for Securing Small Motor . . • %0 

Brackett. Propeller ^ 

Brake Tkm, 'The .. J" 2 

Brake Hforee-power 

Braka R(q^, The ^ ... . - 

Brake Tesfe Electrical .. ..wK. 

Urasswork, Care of 

Break-and-Make GonUcts ... . 

Breaking Seas, Use of Oil for . . 

Brig 

Brigantine . . . . 

British Marine Motoring Clubs 

British Motor Boat Club > 

Brit Motor ^ . M, 106 

Bronze for Bearings .. .. .. ..137 

Brooke Oarbaretter 145, 140 

Brofke Motor 77*86,81 

Brooke Reveiaing Gear, The 162 

Buffalo Hotor, The .. .. Ol , 82 

Builder. Boat, To Get Quotation from ••51,|2 

Builders Measurement .,367 

Building, Carvel 4 

Building, Cheap, Reasons for 3 

Buildftag, Clench Method of * 3 

Building, Clinker Method of 3 

Building, Copper-sewn. 7 

Building, Doublemkin 6 

Building, Lap Strake 3 

Building Motor Boats .. .. 25-35 

Building, Multiple-skin * .. 6 

Building, Ribband Carvel 4 

Building, Ship-lap 3 

Building, Tnple-skln .... 

Building, WiMKla Used for ... 

Bulkhead, Fitting .. .. 

Bulkheads, Woods Suitable for .. 

Buoj'ages, Uniformal System ol 
Buoyancy, Centre of. To Find 

Buoys . , . 

Buoys, Life. Kapok, and Belts 
Burgee, Use of the .. ^ ... 

Burners for Paraffin Lamps i ... 

Buttock Linee .. .... 

Buying Boats: Things to Look for 

Bye-laws, Thames Conservancy 
Bj e-laws. Thames Coiifecrvancy, and Caiburetters 


. .. 6,7 

.. «. 7,8 

.. .. 84 

.. .. 8 

.. .. 298 

.. 39 

..298 
.. .. 293 

..334 
.. 336 

27 

.. 51 

. . 345, 346, 347 
.. 345 


Cabin Boats, Accessibility in .. 

Cabin Cruiser, Fuel ^for 
Cabin Cruleci, Installation of . 

Cabm Oruisejs 

Cabin Cruiser, Weight of Motor lor 
Cabin Fittings 

Cabm Lamps. Ventilation of .. 

Cabin Lighting 

Cabin River Launch, 35ft. .. 

Cabin Ventilation . .... 

Calculation.s in Designing 
Camping Hints , ... 

Camshaft 

Camshaft, Supporting 

Cams, Securing 

Can Buoys .. 

Canoe Stern .. 

Canvas Covering for the Decks 
Capacity, Dead Weight of 
Capacity of Fuel Tank 
Cap of Fuel Tank, Vent in 
Carburation, Meaning of 

Carburetter, Adaptable 

Carburetter, Automatic 

Oaiburetter, Brooke 

Carburetter, Drip Tank for 
Carburetter, Type of 

Oarburettex* for Two-atroke Motors 
Carburetter, Hand-regulated .. 
Carburetter, Holley 
Carburetter, Hydraulic Control 
Carburetter, Krebs 
Carburetter, Longuemare 
Carburetter, Modified, for Marine Use 
Carburetter, Napier 

Carburetter, Paraffin 

Carburetter, Poeitiou of 

Carburetter, Variable- jet 
Oarburetteia and Vaporisers .. 

Carburetter, Schebler 

Carburetters, Drip Tank for .. 
Carburetters. Object of 


To face 


Carburetter, Spray, The 

^rburetters, Thamee Bye-laws Oonoerning 
'Hrburettera, Whit| and Poppe .. .. 


246„^47 

!! 246 

246. 247 
.. 246 

.. 293 

286, 287 
.. 285 

page 71 
286 
38 
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Sit 

298 

50 

S3 

367 


.. 144 

6 H9 
117 
145,146 
... 348 
.. 143 

.. 152 

146 
.. 153 
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m.iS 

.. 143 

144, 14S 
M8,14l 
.. 266 
146, 148. 148 
143-153 
162, 153 

i 

.* 143 

147. iS 
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I U Oilskina 337 

kdf Tools .. 269 

-Jties, Wood SuiUible for • ^. 7 

_arrylng Extra Fuel v •• 289 

' 'Oikrvel Slethod of Building 4 

Oase, Engine^ The 287, 2S8 

Ottering Qoestion, The ... .... 292,293 

Caulking 4 

Caution Concerning Moulds, A 29 

Cavitation 217, 227 


OedM, Selection of 

&niie , Construction, Advanced, of Racing Engines 

Centre of Buoyancy • .. 

Centre of Gravity 

'Centro of Gravity, Graphloally to Find . . 

O^tre of Gravity in Racing Boats . 

Centrifugal Action and Screw Propellers . . 

Centrifugal Force 

Centrifugal Force, Effect, Remedy for . . . 

Centnfugal Pump 


8 

128 

39 
19.40 

40 
40 

218 

227 

228 

.. , 156 

Centripetal Force 227 


Cera Wax for Osbm L^bting 
Chain-driven Reverse, Example 
Chain of Soundings 
Channel Motor 

-Chapter for Novices, A Practical 
Charging Accumulators . 

Charts . . a 

CharU, Sailing 

Cheap Building, Reaeons fur .. 

Checking Moulds 
Checking Stern Tube Hole 

Check® Nuta 

Chock, Stern Tube, The 

Choice of Fuel 

Choosing a Boat 

Circuits, Ignition, Wiring-up 

Circular Base Line Diagrams 

Circular Diagrams for Four-cylinder Engines 
Circular Dn^rams for Two-cyliuder Engines 
Circulating Pump, The .. ^ 

Oircnlating Water . 

'culating Wa^r, Discharge Outlet 


:culating Water Inlet 


epaatihg Vessels, Lighta for 
Coating the Bottom 
C^s on Fuel Pipes 
Cooks. Sea 
Codas, Spnng Pin 


336 

59,60 

345 

250 

253 


1 , Spnng Plug 253 

Code, Signalling, Morse 330 

Code, Signalling, Semaphore 331 

OonflAaient, Prismatic .. .. 43 

Coil Clutch Differential Reverse Gear, The 166 

^ Electric Induction 179,180,181, 348 

“ 189.190 


285 
163 
297 
. . 77, 82 
261 
.. 178 

. 296 

.. 297 

3 

.. 29 

35 

.. 137 

.. 33 

.. 274 

.. 48-52 


*Oo£l, 

.SS8:'g^ ■r-.'jr-vf.J, 

CciL-Iud^ico, CioaeenitnC u *, ■>. 

Coil, Induotiunf Trembler ' 

Coils* Induction, Separate Accumulator aia4 
Oold-etart Vaporiser t 

Collision, Beaponaibility for 

Collision, Risk of .. .. 

Oollisiona at Sea : Board of Trade Regulations . . 

Colonial Service Craft 

Coming Alongside . . . . ' 

Coming up to Moonnga .. 

Commercial Craft, Installation in 247,-21^ 

Oommercial Motor Vessels 113* iSSy 27 

Commercial Slow-speed Pandfin Engines . . > U 

Commission, Hints when in 

Comparative Consumption of Various Fuels 

Comparison of Distances, Table for .. .. 

Comparison of Speeds, Table for MS 

Compass 291*2w 

Oompam Card 
Compass, Convemion Table 
Cumpan, Deviation of .. 

Compass Errors 
Oompasees . . . . , 

Compass in Fog, To Use . . 

Compass, Points of 
Compass, To Box the 
Compass, Variation of 
Composition, Anti-fouhng 
Compression in Racing Engines 
Computation of Running Costs 
“ Coucara," Auxiliary Fishing Yacht 
Concentric Valve Motor 
Condenser, Induction Coil 




. 233, 234, 235 
.. 235 

.. .. 234 

, 154 
255 
245,252 

156-157, 251-252, 255. 266-267, 350 


Circulating Water Inlet, Position of .. .245 

Circulating Water Inkt Trap .... . . 157 

Circulating Water System . ... 349, 350 

Circulating Water System, Bilge Pump . 350 

Circulating Water System, Draining 350 

Circulating Water Sysitem, Fastenings ... . 350 

Circulating Water System, Ground Unions .. .. 349, 350 

Circulating Water System, Pipes 350 

Circulating Water System, Seacock ., .... 350 

Ofitesiflcation of Motor Boats , . j, 1 

Classification of Racing Cruisers .. .. 353 

Clean Boat, How to Keep a 338. 339 

Cleaning Off Paintwork 57, 58 

Cleanliness of Motor .. 244 

Olea«rauoe of Piston Walls m Cylinder . .. .. 136 

Clench Method of Building . .. 3 

Clinker Method of Building . . 3 

Closed Boss Reversing Propeller . 172. 173, 174 

Clothing . . . 289, 290, 293, 337 

Clove Hitoh, The . 313 

Club, British Motor Boat 356 

Club, Clyde Motor Boat .... .... 357 

Club, Essex Motor Boat 357 

Club* Motor Yacht .... . . ^ .358 

Clubs, Marine Motoring, Bntish 356, 360 

Club, Sussex Motor Yacht 359 

Oub, Thames Valley Launch . 359 

Clutch and Propeller Shaft, Lining-up .. ,.250 

dutchee 3&1 

Clutch Gear, Coil, A .. 166 

dutch. Installing the 249 

Clutch! Jaw. llie ..163 

Clutch not Neoeseary . 246 

dutch, Securing' Engine and 250. 348 

dutch Type Reversing Gear 161 

dyde-built Engine, A . . . . . 85, 86 

Clyde Cruiser, Small 65 

Clyde Motor Boat Club 357 

Coamings, Wood Suitable for .. 7 

Cparse Propeller Pitch Oompaied, Fine and .. .. 215-218 

O^tal Oruklng, PilotaMge and 318, 319 

^aaUl Distances 363 


, l&ductioD* and Accumulator 


Cones, Storm 301 

Comical Buoys 298 

Connecting Rod 135, 138 

Connecting Rod Alignment 136, 137 

Connecting Rod Bearings ISS 

Connecting Bod End Beanngs 135 

Connecting Rod, Length, Effect of 288 

Connecting Bod, Section of . . . 136, 13f 

Connection between Motor and Propeller Shaft . , . . ISM 

Connections, Electrical ]88 

Connections, Fuel Pipe 251, 258, 257, 288 

Connections, Fuel Tank, Rule for 348*349 

Oonnections of Solenoids . . . . 292 

Conservsmcy, Thames, Installation Requiiemants .. 
Oonservanoy, Thames, Regulations, Lights .. "'.'i .. 336 

OonsideratioiDa, General, Concerning Racing MpfiBea 184, 128 
Construction, Advanced Centre, of Raeixig Enginst . . 188 

Construction Details of Internal-oombusUon Bngiaai 13S-148 
Auxiliary Canoe Yaoht, Single-handed, "Louise” 

To face page 84 

Auxiliary Fishing Yacht, " Conoara ” ., 19 

Auxiliary Hard-weather Cruiser, Small* “White Kit- 
ten ” To face page 11 

Auxiliary Trawler, ** Ibis HI ” . . . . „ 79 ' 

Cruiser, Clyde, ^ft, " lola ” .. „ (K 

Cruiser, Irish, "La Vague” .. *. „ 88 

Hydroplane for M.Y.O. Claes .... ** 71 

Launch, Harbour Service .... „ M 

T#aunch, German Cabin. ” Enca ” .* „ 71 

Launch, River, 35ft., “Viatic II.” .. ,* If 

Launch, Steel. *’ Norvic *’ . .... „ la ' 

Passenger Vefwl, Shallow Draught, 70ft. „ 86 

Racer, 40ft.. “ Daxie ” , 8S 

Tug, Paramn, 42ft „ 71 

Yaoht, Fast, Triple Screw, " Trideoit*” 77ft. „ M 

Yacht. 14-ton, “ Nomodeste “ .... ,, 88 

Yachts Tender for Davit® .... „ U 

Construction, Hull, General Principles of 1-8 

Construction, Metliods of— (See ” Building “) 

Construction, Motor Boat ^ .. ,, 1.26 

Construction, Skin, Doable, Multiple, Triple 8-7 

Oonatruction, Woods Used in .. ,, 748 

Consumption, Fuel, Commercial .. .. *. 27f 

Ck>iisumptlon, Fuel, Comparative S8| 

Consumption, Fuel, Depreciation and 877*388 

Consumption, Fuel, Sp^ of Boat and 388 

Contact Makers, Low-tension 182* III 

Contacts, Make-and-Break 188 

Ckintacts, Wipe 188 

CJontinentai Barge, Arrangement of 274*276 

Continental Barge, Specification of 278 

Control Board, Engine 27S 

Control. Lights not Under .. 348 ^ 

Ooutrolling Arrangements .. .. .. .. 260,278,274, 381 

Conversion* A Simple ^ |8| 

inversion of Small Boat to Motor Power 881 

Ckinversion Table, Compass .. 

inversion Table, Feet to Metres .. .. ,. 

Oonversion Table, General 

Oonverrion Table, Inches to Millimetres 

i^nversion Table, luohes. 64ths of. to MM 

Converted Engine .. .. .* 

Converter. Rotary* Magneto .. .. 

king Stoves «. 

ksng Utensils .> .. .. 

eling Bwing Etwinet . . .. .. j 

oliug Water Symm .. .. .. 
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.... 3M,3M 

— I Pw Foot Tabln .. .« k. .. 3M 


f Weight 

? Sewn Method of Bnilding 
...t Explosire Mixture 
_ eud Betum. BeUtiou between 
0 Mt and Ui^eep, Ruuuing 

Oocrt of Boginaa 

Ooet of 15ft. Boat .. 

Ooet of Installation 

^st of XiUmps 

Coat of !0-30ft. Boat 
Coats, Running. Commercial .. 
0^, Workmanship, Material and 
Counter to be Avoided, A Long 
Coupling Flange on Crankshaft 
Couplings. Loose Shaft .. 
Coupltng’up Magnetos 
Courses, Conversion Table 
Cooxees. Setting out 


.. .. 7 

.. .. 143 

.. 283 

48. 49. 277. 281 
.. 49 

49.246 


.. 338 

49 

.. 277 

48 

50 

.. 138 

249. 361 
196 


Cover, Engme . . 
Obyering Board 


is. Otto, The .. .. .. 

timber. Oleatance of Piston WUlla !n 
Cylinders, Firing Order of .. 
Cvlinden. Hoxicontal v. Vertical .. 




295 
2 % 
257 
33 
.. 56 

. . 293 

.. 56 

..56,57 
.. . 312 

280, 281 
.. 247. 270. 350 
270.284 
304 
100, 105 
113 


Covering Boats 

Covering Cushions 

Covering when at Moorings 

Covers for Boats 

Oow Hitoh. The 

Craft, Colonial Service 

Craft, Oomxneroial. Installation in . 

Craft. Industrial, Ad vice on Propulsion for 

Cn^t, Management of .. 

Craft, Private, Engines for, High-speed, Paraffin .. 

Craft, Private, Engines for, Medium-speed 
Craft, Private, Engines for, Multi-cylinder, Four-oyck 79,92 
Craft, Private, Engines for, Single-ryhndor, Four-cycle . 75-79 

Craft, Private, Engines for, Two-stroke .. 92-99 

Craft. Utility 247 

Crank Balance Weights 139 

Crankcase Pump for Racing Engines 129 

Crankcase Trouble with Racing Engines 129 

Crank Chamber .... 139 

Crank Chamber End Bearings 139 

Crank Pin, Diagraina of Pressures on . . . 232, 233 

Cranks at 90 degrees. Four-cylinder Motor with 335 

Crankshaft .138 

Crankshaft. Alignment of 138 

Crankshaft. Auxiliary Bearings on 139 

Crankshaft Bearings 135 

Crankshaft Bearings, Supports for .. 139 

Orankehaft, Cast Steel for ..138 

Crankshaft, Coupling Flange on . . .138 

Crankshaft, Fault in ... ..138 

CranMbaft, Machining . . 138 

CrsnUeehift, Prt^rtions of 138 

Onm-hmiA, Reliable, Engine with 98, 99 

Groosing, Rule for Boats 304, 343 

Croea Sections 28 

Crown and Wall Knot, The 317 

Cruise, Initial, Notes for 289 

Cruise. Preparing for 289-290 

Orniaer, Auxiliary 4Vj*ton .... 14 

Cruiser, Design of Auxiliary 4‘1-ton .. To face page 14 

Cruiser, Auxiliary, Hard-weather 16 

Cruiser, Design of Auxiliary Hard weather To face page 16 
Cruiser, Auxiliary Sails, with .. 20,21,22 

Orniser, Auxiliary Sails, Design . . To face page 21 

Oroiaer, Clyde, 32ft 65 

Orniaer, Clyde, 32£t , Design To face page €5 

Grulser, German, Fast, Day, “ Erica” .. .71 

Cruiser, German. Fast, Design . , . * To face page 71 

Ckuieer, Irish-built, Fact, ” La Vague ” .67 

Cruiser, Irisb-bulU, Fast, Design .. .. To face page €7 

Cruiser, Racing, 8-metre ..61 

Cruisers - . . . 50 

Cruisets, Auxiliary Yachts and 60 

Cruisers, Cabin 246, 247 

Cruisers Cabin, Fuel for 246 

Cmisera, Cabin, Installation of 246 

Graisexa, Cabin, Weight of Motor for 246 

Otuisers, Racing, Classification of . . . .. 353 

Cruisers, Racing, Fixed Ratings for 354 

Cruiser, Single-handed . 64 

Orniaer Yawl Yacht, 12-ton 16, 17 

Cruising, Amount of Fuel Required for .. .. . . 289 

Oruiaing, Coastal, Pilotage and 318-319 

Cruising, Foodstuffs for 292 

Cruiaing Hints 289, 290, 291,292,293 

Cruising, Imentory for 293 

Cruising. Pilotage . . 318 

Cruising Yawl Yacht, 12-ton, Specification 16, 17 

Current, Electric, Electro-Chemical Sources of .. . 177 

Currente in a River _ 319 

Currents, Set and Drift of . . 299 

Current, Water, Direction of 214 

Curve of Seotional Ateaa 42 

Curve ef Versed-sines . , .« 42 

Curves* Rating, Power and Weight ' • . To face page 353 

Curve Stem, Tlie 28 

Curve, Trochoid . , . 42, 43 

Cushion in Motor Engines, Air ., 233 

Ooshions, Covering for 293 

Oustotn House Roister 367 

Cutter Rig .. . ,324 

Cycle Opexatiom in Multiple cylinder Engines .. .. 233 


Daimler Engine 86, 87 

Daimler-Knight Silent Motor 87, 88 

Danish Kid Suit 289 

Dan Motor, The 1I3-U5 

Davit Boats * 

Dav} -Robertson Piston Rings ..#1^ 

Day Automarine 8el«, The 93, 94 

Day Cruise^ A Fast German . 71 

DB and H. Motor 77 

Doadt Reckoning 296 

Dead Weight Capacity 3^ 

Deadwood Boats . . , . . , 250 

Deadwood Stern Boats, Boring and Fitting Tube . . 250, 251 

Deadwood, Wood Suitable for 7 

Decimal Equivalente of Fractions, Table of 366 

Deck * . . 33, 34 
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Soap Paokiog ... 349 

Jkdenoid ... 291 

Solenoid, Battery and, for Low-tension Ignition 201, 202, 203 
Solenoid Gonnectlons of .. 190,202 

Sound. Diatanoe by ^ 

Soundings, Chain of „ , ' ^ 

Scundinge, Rod for Taking .. 

Brand Signals, Fog, Board of Trade Regulations Concorning 343 
Sound Signals for Vessels in Sight of Each Other . . ^3, 344 

_ . . - — . . jjg 

312, 313 
., 352 

.. 64 


.4 Lighters and Auxiliary Barges .. 

,11 Motor, Angle Brackets for Securing 

(mail Vessels. Board of Trade Regulations Coi 


. 185 

186 
. 185 

. 129 

177 
366 
274, 276 
246 
100, 105 
105, 111 


Bpanish whipping 
Spar, Attaching a Rope to a . . 

Bpare Gear 

g|Mire Gear, Stowing Tools and 
^re Parts .. 

Spax^ and Stores for Motor .. 
ipark Gap. Length of 
Spark Gap, Safety 

SSS^KlSS for iUolng’EngVnea , 

Spark. Volts Necessary for given Length of .. 
mecUio Gravity and Weight of Materials 

Ip^ and Propellers • • . • • 

Speed and Weight of 25ft. Launch 
ip^, High, Paraffin Engines for Private Craft 
Sp^, Medium, Paraffin Engine^i . 
of Boat and Fuel Consumption 

Bpeed of Boat, Eetimating 305 

“ I of Magneto 195 

1 of Propeller 

, ^ J^volution 245, 261 

i of vessels on Propeller, Influence of 221 

ts, Oomparison of, Table for 365 

DHwds, Distances or 365 

Speed. Shur, Psmffin Commercial Engines '13-120 

ftpeed. Time over Unit Distances, Tables for Estimating 362, 363 

'Vsseers Influence on 221 

!pt luring on Shaft 1^ 

30 

Atten • • • . .d . . . . 30 

(Ong Batten, Tb<* 31 

.bbO, The 929 

I ian*& Knots 311 

, Short. The 315 

, To Taper a 315 

ig and Whippimt - - • • • • 314 

dug for Stranded Rope , . . US 

jKuiclng Wire, A Simple Method of 315 

ipUt Pitt, Shearing Strain on 141 

Spray Carburetter, The 148 

Spring Plug Cooke - .. 253 



of iCettti Plates per, Table V. 

Stage Pnsssures in Otto Oyoie .. . • m 

Stage, Tying up to a r. wB 

Standard Engine . . 99, 103^ 

Standard English Gauge Compared wtth Birmingham 3I» 

Standaid Vaporiser ... . . 103, ^ 

Stand for Secunng Stove ,. .. HI 

Start Cold Vaponaer (?) IW 

Starting * 9w 

Starting Handle . Ml 

Steaming Lights Ml 

Steam or Motor Yacht Lights .. /93I 

Steel for Crankshaft, Cast 181 

Steel Launch, ‘ Nor vie,’ 30ft 12*18 

Steel Launch, " Norvic, 30ft, Linen .. Tp face page 18 
Steel Launch, "Norvic,” 20ft. Plans .. „ 18 

Steel Motor Yacht, 82ft . 22, 23 

Steel Motor Yacht, *82h.. Plsfhs To face page 93 

Steel Motor Yacht for Passing Locks „ 18 

Steel. Strength of . . 180 

Bteetfhg and Sailing Rules M8 

Steering ao to Signals .. SOI 

Steering, Board of Trade Regulatiois for 848 

Steering Cear, The 55, 56 

Steering Wheel, The ... ... 50 

Steer, Leariiing to .. 304 

Steer Up-stream, How U. 821 

Stem ... 29 

Stem Curve, The 20 

Stem, Preparing 20 


Stem Valve ..... 

Step-up Transformer Magm‘ti>, High-tension 
Stern and Rudder PoeUs, Form ol . /9.. 

Btern Boats, Deadwood Boring and Fitting Tube .. 

Stern, Canoe .. 

Stem, Forms of ....... 

Stern Post . . . . 

Stem Post, Side Cheeka on 

Stem Post, Wood Suitabl<" for 
Stern, Slipper .. , . 

Stern Tube ... 

Stem Tube and Tail Shaft 

Stern Tube, Boring and Fitting, in Deadwood Boats 
Stern Tube, Boring Hole for . .... 

Stem Tube Chock, The . . .... 

Stern Tube Gland S ... 

Stern Tube Hole, Checking 

Stem Tube, Installing the .. « • 

Stem Tube of Keel Boats, Boring and Fitting ^ .. 

Stern, Wood Suitable for 

Stopping Holes in Boats 
Storage, Fuel 

Storea and Oil ... ... 

Stoiea aiid Spares for Motor .. 

Stores for Cruise, Stowing 
Storm Cones ... 

Storm Signals ... ... 

Stove In 

Stove, Primus • • • • 

Stove, Rippingi lie’s * . 

Stoves ... . . .... 

Stovee, Cooking . 

Stovee, Stand for Securing .. , 

Stowing Extra Fuel ... ... 

Stewing Stores ... 

Stowing Tools and Spare Gear 

Strainer and Fuel Pip© ... 

Strainer for Water inlet 

Strainer, Fuel Tank . .... 

Strainer, Fuel Tank, Filling . 

Strainer, Suction, Bilge . 

Strain on Engine .. ... 

Strain on Split Pin, S’noaring 

Strains in Motor Boats . . .... 

Strains, Pitching 
Strains, Twisting 
Btrake, Garboara 

Stranded Boat, I „ 

Stream, How to Steer Up 
Stream in Rivers, Direction of 

Stieam Signs 

Streams, Tidal . . 

Strength and Weight of Motor 

Strength of Ropes, Weight and 

Strength, Working, of Ropes, m Owta. per Fathom, Table HT 

Stroke of Racing Engines 124 

Studding Sails . . ag 

Stuffing for Cushions .. .. 208 

Submarine ’Engine, 300h.p ... . . 109,110,111 

Suction Gaa .. . ma 

Suction Gas Barge, A * Mi 

Suction Gae Commercial Engines 120 m 

Suction Gas Engines , 126 fgi/ tS 

Suction Gas Plant and Horizontal Motor, Method of fn- 

stalling ef* 

Suction Strainer, Bilge tgg |mi 

Suita We Engine for Con version of Small Boat . .. 'nBl 

Suit, Danish Kid ’ ^ 

Sundry Advice ‘ imci 

Sunken Vesael, Floating and Salvaging .. ,, ,, 819.810. 

Supply System, Fuel ... •va.fw 

Supports for Crankshaft Bearings 
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topotte iot Ptooftlfot Sh»ft «S 

Otftr .. .,139 

foitftMNi, JbttpMtftiuse of Wetied 46 

ftMc Motor ¥Mbt Club m 

fMritcte ^ 186 

Switches, Points to Bemember Oonoernins .. .. 297 

isrrea ot Whiotlo .. .• 342. 351 

»steni« Bnoynge, Uniforms! 298 

System* OoolInK. Water 272,273 

System. Designing ... 42 

System, Exhaust Water m a.. ..158 

System. Fuel Supply 349 

System, Ignition 272.273,346.351 

System. Sllenoing, Flooded Pipe 160 

Systems, Plankmg 3 

S^tems, Bevexaing 16i 


Table, ^mparison of Distances, for 365 

Table, ^mpanson of Speed*, for .. .. ^ 

Table, Oonvension, Feet to Metres ,. .. 365 

Table, Conversion, General . • 363-367 

Table, Conversion, Inches to Millimetres .. 365 

Table, Conversion, Into Points, of Compass Bearings and 

Courses m .. . 295 

Table, Oonvwslon, Sixty-fourths of an Inch to Milhmeties 365 
Table, Decimal Equivalent* of Inch Fraction* .. 366 

Table, Inches and Fractions m Millimetros .. . 365 

Tables and Formulfic 360-367 

Tables and Fonnulai, Navigation .. ... 298 

Table, Specific Gravity, and Weight, Metkls .. .. 366 

Table, Specific Gravity, and Weight, Timber 366 

Tables, Speed, From Time over Unit Distance 362-363 

Tables, Tide .... 363 

Table: Weight of Metal Plates per Square Foot . ..367 

Table* Weight of Ropes m lb*, per Fathom 367 

Table: Working Stiength of Ropes in cwts. per Fathom 367 

Tail Shaft, Installing the .4 248 

Tank, Drip, for Carburetter -.30 


Tank, Fuel ^ 

Tank, Fuel, AIR: Vent in . 
Tank, Fuel. Capacity of 
Tank, Fuel, Connection* 
Tank, Fuel, for Small Boat 
Tanks. Fuel 

Tanka, Fuel, Pump for . 
Tanks. Pressure Feed 


. . 252, 266-288. 270-271 

254 

247 

348 

266 

270,271 
,. 348 

254,349 


Tanks, Thames Conservancy Requirements for 345 

Tank, Strainer for Fuel 349 

Tnpci a Splice. To 315 

pet and Guide Valve .. 140 

Teak, Selection of . . f . . 8 

Telegraphic Arrangementv . .. ..247 

Temperature on Piston Walls, Eitect of 136 

Template of Motor, Use of .. 2^ 

Tenders, Yachts’ • 245, 246 

Tendeir, Yacht's, 221t. .... . ..11-12 

Tender, Yacht'*, 22ft , Design . . . . To face page 12 

Tender, Yacht’s, 22ft., Innes of .. .. 12 

Terminals, Electric . .351 

Teat Brake, H 1* , Eleotrinal 241-243 

Test, Electrical. Brake HP. 241-243 

Testing Fuel Piix?a .349 

Testing Fuel Tankh . . . . . . 254, ^9 

Thames Barge, Hprilsail .f .. .. . 323 

Thames Conservancy, Bio-Iaw* 336, 345-347 

Thames Conservancy Bve-law*, Action to be Taken .346 

Thames Conservancy B\e laws, Carburetteis . . 345 

Thames Oon*ervancy Bje-laws, Oertiflcato .. . 347 

Thame* Qonservancy Bye-laws, Cooks on Pipe* 345 

Thamee Oomservancy Bje-laws, Definitions ..345 

Thames Conservancy Bye-laws, Engine dtoppod, When 346 

Thams Conservancy Bye-laws. Engine Tray 346 
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. 346 

. 346 

. 345 

. 346 

. 345 

346 
346,347 


Conservancy Bye-laws. Engine Tray 

Thames Conservancy Bye-laws, Exhaust 

Thames Conservancy Bye-laws, Fito Prevention 
Thames Conservancy Bye-laws, Fuel Manipulation . 

Thames Conservancy Bye-lawa, Fuel Pipes . . 

S Conservancy Bye-laws, Fuel Shut off, Whdh 
Conservancy Bye-laws, Fuel Tanks 
Conservancy Bye-laws, Ignition Arrangement* 

Thames Ocmeervancj Bye-lawa, Inspection Facmtie* • 

^ames Conservancy Bye-laws, Inatallation Requirements 345-347 

Thame* Conservancy Bye-laws, Lights .. 

Thames Conservancy Bye-laws, Match Striking . 

Thames Conservancy Bye-laws, Penalty for Infraction 
Tliames Qonservaaqy Bye-laws, Registration of launches 
^neeivanoy Byc-lawe, l^egistration of Veasels . 
Thamaa Conservancy Bylaws, Silencers 

anww Cohaervators, Extent of Jurisdiction of 


tames Tonnage 
1 'Valle ’ 


amee 'Valley Launch Club .. 
Theory of Screw Propeller, Early 
Tljeory, "Wave-Form,” The .. 
TiUnga NOT to Do ia a Boat .. 
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347 
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. 346 

. 335 

. 367 
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Thirty-flire-i 

Thirty-two-feet Clyde Graieer, *' loM 
Thirty-two-feet 01^« Oruiaer, 3>enign 

Thomycioft Engine 

Tbornyonrft Engine, Racing -- .. 

Thornycroft Engine, Submarine 300b.p. 

Thornyctoft Eimine, Suction Gas 
Thornycroft Epicycllc Gear .. 

Thorayoroft Vaporiser 1. 

Thread, Screw, Differential Reversing Pnrellet 
Three-cylinder Engine, Witmg-up of 
Three-masted Barow Rig 
Three-masted Ship Big . . . . . . 

Three-masted Topsail Schoonter Rig 

Thrust Bearers 

Thrust Bearing 

Thrust Bearings, Ball 

Thrtui of Propeller 

Thwart* and Beate 

Tidal Streams 

Tide, Diagram to Find Bisa and Pall of 
Tide, Ebb, from Harboum 
Tide, High, at any Port, To Find .. 

Tide Races 

Tide Rip 

Tide, Rise and Fall of, Diagram to Find 

Tide Tables, General 

Tight Seams, Methods for Keeping . . 

Tiller. Wood Suitable for 

Timbw Hitch. The 

Timbering 

Timber* and Planking, Proportion* of 

Timber, Selection of 

Timbers, Wood Suitable for 

Timber, Weight and Specific Gravity of. Tables .. 

Time and Speed Tables 

Time of High Water. To Find 

Time over Unit Distance, Speed from, To Find, Tables 
Timing 

Tuning Ignition 
Timing of Valves 
Tingle, A 

Tonnage Displacement 

Tonnage, Gross . .. 

Tonnage Measurement 

Tonnage, Net 

Tonnage Regiater, Board of Trade and Customs 

Tonnage, Thiimes 

Tools and Spare Gear, Stowing 

Tools, Care of 

Tools, Sharp, Keeping 

Topsail Sheet Bend ^ 

Tow. How to 

Towing Alongande 

Towing, Compared, Power for Propulsion and for 

Towing Experiment Admiralty 

Towing Launch, Yacht’s 

Towing Lights 

Tow Rope, Length of 

Transformer, Magneto, Step-up High-tension .. 

Transom, The 

Trap, Circulating Water Inlet 

Trap jn Fuel Pipe 'jsg 

Design 


307.! 


367,1 

300.^ 


^ 
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Trawler, Auxiliary, •' Ibis in." 

Trawler. Auxiliary,*" Ibis lU.," 

Trays for Engine Drip " "mug j 

Trembler ot Coil *' 

Trembler of Coil, Adjustment of 

••Trident," Triplo-socew Yacht, 64-ton *. 

" Trident," Trip£jcww 

Trip Gear " ^ 

Triple-skin Oonstmetion ** ** "£ 

Trochoid Curve 

Trotman’e Anchor 

Trouble, Crankcase, with Racing En gines , IM 

Trouble. Machinery, How to Avoid ’ ‘ 

Tube, Hot, Ignition ' ' ^ 

Tu^ in Deadwood Stem Boats. Boring and Pitting !! 'iM M 

Tul», Stem, Boring and Fitting, In Deadwood and Keel 


. d, f 


Boats 

Tube, Stern, Boring Hole for ., 

Tube, Stern, Checking Hole for 

Tube, Stem, Chock, The 

Tube, Stern, Gland 

Tube Stern, The .. 

Tug, Motor, Powerful, PCtjjffln, 24ft. 


Motor,’ Powerful,' Paraffin, ' 24ft.,’ Design ’To face p«^ 


Tugs, Motor, Advantage* of 

Turning Effort, Irregularity of 
Turning Over with Moulds Still in Boat . . 

Weight of 

Twenty.thixty-feet Boat, Ooet 4»f 
Twenty-two-feet YaohVs Tender 

Twin Screws, Desirability of 
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Engine. Cireuler Bmm» X4ne iDlegrams for SS3, 
^XwM^ttder Engtae, Wiring-np 

^vio :l^.]iitobe« 

Shvo-stvotee Boglnee fat X^rivete Crai 
T«ro-atroke Engiziies, ^iiol 
Two-stroke Moton^ CaTbaraiteni for 
Two-stroke Motors where Suitable 
Tg'o-ctroke American Engine 
to Stage 

An Unnanal, of Engine 115, 

of Oarbnietter, Early 
oi Bereming Gear, Cln: 

Type. Pioneer, «f Carburetter 
!^peB of Boats for Various I*urpos 9 S 
gpM of VeaselB .. 

T^oal Designs, Some 
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245 246 
94-96 
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116.117 
.. 143 

161 
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tTnoontrclled Lights . 340 

vnderbody, Boat's, To Pot Lead 60 

Unit Dlstanoe, Speed from Knie Taken over, Tables to 

Find 362.363 

unit Mult^Ieweries Engine ..83 

Universal Exhaust Sikooer 159 

Unaeoessarv dutch .... . ' .246 

Unprotected and Exposed Gear 244, 246 

Unusual IVpe of En^ne. An 115-117 

Upkeep and Running Ooets ... . . 49 

Up-stream, To Steer .320 

Use and Misuse of Flam . . 334 

Use, Ooznmercial, Engines for . . 112-122 

Use, General, Boats for 49-60 

tree in Fog of Oompaaa, Log and Lead ... 287 

Use, Manne, Carburetter Modifications for . 143 

Um of Aluminium 176 

tJae of Bell or Gong .342 

Use of Detergents .. 58 

Use of Flare Lights 342 

Use of Foddered Sail .. .. 309 

Use of Lead Line 2% 

Use of Oil fcMT Modifying Effect of Breaking Seas .. .. 337 

Use of Smfting Valve .154 

Use of the Batten 28 

Use of the Burgee 334 

tFtenwls, Cocrfiing 292 

Utility daft - 247 


Valve, Exhaust. Guide and 
Valve, Inlet 

Valve Lifter and Guide .. 

Valve Ports 

Valves 

Valve fl trtv , . . . 

Valves, Gas. in Racing Engine 

Valves, Lead 

ValvesI Lift of 
Valves, Material for 
Valves. Non-return and Relief 
Valves. Proportions of .. 

Valve Stems 

Valves, Timing of 

Valve Tappet and Guide . . 

Valve, Use of a Shifting 
Vape Pump .. 

Van, Rennes 

Vnpbrlser, Griffin . . 

Vaporiser. Mechanical, A 
Vapoxismr. Faeaffin. Westmaoott 

Vaporiseri 

Vaporisem and Carbuxettexa .. 

:: 

, Start Cold 
Tbomyoroft .. 

VapolEls^, Wear 

VapoxSaw, Westmaoo^ 

Va^^ser, Woiae^ . . m 

Variaible Jet Oarbuxetter .. .. 

Variable Pitob Fropellert. Fault of 
Varia^ifm of Compass 

Vsxious FotmS*«l Bull, Effe4 o* »- •• 

Vanous Fuels, CSomparative Consumption of 
Varioni SetviGin, Installations for .. 
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En^ne 

Ventilation of Cabin, Lamps 
Vereed-Sines, Curve, The . . ' . , 

Vertical dhnders v. Horizontal .. .! 

Vessel •Influence of the Form of 

Vessel, Pai&enger, Shallow-draught 

Vessels at Anchoi, Lights for .. . 

Vesificls, Coasting, Lights for 

Versels m Fog, Instructaona for . 

A easris in Sight of One Another, Sound Signals for . , 

Veesela, Motor. Commercial 

Vessels, Proper Preoautlons Respecting, NO • Wegled' of, 
B^rd of Trade, Rules .. '.v .. 

Veesels, Registered, ..Warrants <f Or Only .. 

Ve^i^' Trade, ‘Rules Ckmoexiiing .. 341,2 

Vee^l, ’sunken, Floating a 
Vessel, Sunken, Salvaging 
Vessel, To Berth, At an Anchorage 
Ves^, To Find Position of .. 

.. Launch .. .. .. 9. 10, 'it' 

Launch, Design. Tofaoepage lA 

Vibration at Piopellcr ..226 

Vibrataon, Boat Regarded as 1^ m .. '*. * 226,227 

Vibration Due to Number of Propeller Blades . ,. 222.224 

Vibration Due to Rudder Post .. .. 223 

Vibration, Effect of ** ** 226 

Vibration, Engine .. ” *' *’ 226 

Vibration, Engine, Production of .. .. .’! * 227 

Vibration Experiments, Yarrows' .. 229 

Vibration in Boats 2M 

Vibration on Motor Boats ] ” 228 

Vibration, Production of, by Screw Propeller .. .. * 227 

Vision, Distance by .. . .. , oag 

Volts, Necessary, for Given Length of Spark T. .! 177 
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Wages 

Wall and Crown Knot, The .! 

Wall Knot, Single 

Piston, (Jlearanoe of, In Cylinder 
Walls, Piston, Expansion of . . 

Wanted,! Article® Likely to be, Inventory 

Warning 8«nals 

Warrant, How to Obtain a 
Warrant* for Roistered Vessels .. 

Wan ant to Fly Ensign, Admiralty .. 

Warranty for Hired Yachts . 

Wastcneyg-Smith's An 'hor 
Waste of Oil .. 

Water Acted on bv Propeller, Column of 
Water, Circulating, Discharge of .. 

Water, Circulating, Inlet .. 

Water, Circulating, Inlet, Potation of 
Water, Circulating, The . 

Water, Circulating, Trap 
Water Circulation, Installing . 

Water-cooled Exhaust 
Watex-oooled Exhanet Receiver 
Water-cooled Exhaust Silencer 
Water-cooled Exhaust System 

Water cooled Silence .a 

Water-coohng System, The 
Water Discharge, emulating .. 

Water Displacement .. 

Water, Exhaust, Noise and 
Water Filters 

Water Hammer . . . ‘ 

Water. High, Time of, To Find !. 

Water in Exhaust System 
Water, Jet, Action on ^Propeller Blade 

Water Lines 

Water Pipes 

Waterproof Clothing . . 

Waterproof ^Clothing for River Work’ 

Waterproof Clothing for Sea Work . . 

Waterproof Clothing, Oilskins 

Water Ppmp, Circulating «« s 

Water Syptem, Circulating " 

Water System. Cooling (Commercial) .. m 

Water Trap in Fuel Pipe ./ .. •* ^ 

Wear Motor Engine 70' 

Wear Vaporlecr 79,164,195,111 

Weather Signals , .. *' '* '* •* ^ 

Weeds. Revewlng Propeller in *; iS 

Wmght and ^tfng Curve* Tofaoeoaai aS 

Weight and Specific Gravity Tables, Metals .7 ^ 

Weight and Specific Gravity Table#, Timber .. ‘8! 

Weight and Strength of Rope* .. * W 

Weight, Dead, Capacity .. .. *’2* 
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THORNYCROFT 



Gyrintis" {ahead} racing in the Solent. 

This Boat won two out of three of the Olympic Races and every 
event for the 6-m. class In which she competed. .. 


MOTOR BOATS, MARINE 
MOTORS PROPELLERS 

of THORNYCROFT^ TYPE .. 
are essential if maximum 
EFFICIENCY Is desired 
either in Speed, Seaworthi- 
ness, Comfort, or Economy. 

PLEASURE LAUNCHES, RACERS, CRUISERS, 
NAVAL AND COMMERCIAL BOATS. .. .. 

Detailed tenders submitted, free of cost. 

Send for Illustrated iicaflet and Catalol^'^. 

John I. THORNYCROFT & Co., Ltd„ 

CHISWICK, LONDON, W. BASINGSTOKE AND SOUTHAMPTON. 


Scottish Agents MACNAUGHTAN BB98., 190, West George Street, Olasgofr. 
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'WeetaDiaoott Vaponier ^ 

Weet bf^Baflaod Engine, A .. 

Wetted Burfaoe. Area of 

Wotted Stivfeoe, Impoftanoe of 
Whalodeohed Boats, Mooring Gear m 
'IMjbel, Be«al FruUion, Reverse GeJir 
Wheel, Pump, Geer . . 

Wheels, Gear, Secaring ,, 

Wheel, Steering, The 
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Whipping and Slicing 
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Whir .. 

Whistle or Foghorn 

Whistle or Syrer^for Power Vessels . 
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White and Blue Ensigns . 

White and Poppc Caiburetter, Tlie 

" White Kitten," Hard Weather Auxiliary Cruiser 
White Kitten, Hard Weather Auxihary Cruiser, Design 

Toiaoepage 

** White Kitten," Hard Weather Auxiliary Cruiser, Lines 

of To face page le 

White Metal for Bearings 137 

White Pine, Selection of 8 

Wing Pump 155 

Wipe Contacts 182 

' “ ■ • .. 273, 351 

. 315 

‘.’<3 
273. 3-)l 
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. 5.07 
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and Protection, Electric . 

Wire, Splicing, A Simple Method of .. 

Wiring and Protection 

Wiring. Electric 

Wiring for Masthead^ and Side Lights 
Wiring, Points to Hemetnber Concerning 

Wiring.np 

Wmng'Up Diagrams 
Wiring-ttp Eight-cylinder Engine 
Winng-up Four-cylinder Engine 
winng-up High'tenalon Distiibutora . 
Wiring-up Ignition Circuits 
Wiring-up Magnetos 
Wking-np Single-cylinder Engine 
Wiring-ttp Six-cylinder Engine . . 

Whfing-ttp Three-eylmder Engine 
Wiring-ttp Twin-cyllltider Engine 
Wolaeiey-Siddelsy Exhaust Silencer . 
Woiaeley-Siddeley Motor 

Wolseley Vaporiser 

Wooden Boat, Folding. Shell Bend 

f ood for Oarlines, Suitable 
ood for Coamings. Suitable 
Wood for Covering Board, Suitable 
Wood for Deadwood, Suitable . . 

Wood, Indication of Bap in .. 

Woodnutt Engine 

Woods for D^h Beams, Suitable 
Woods for Engine Bearers. Suitable 
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